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( [HFXWLYH &RPSHQVDWLRQ ￿ WKH % RXQGDU \ RI WKH )LU Pª
7 KH &DVH RI 6KRU W￿/LYHG 3 U RMHFWV
*DU\ *RUWRQD DQG %UXFH ’￿ *UXQG\E
: H FRQVL GHU WKH SUREO HP RIP RUDOKD]DUG L Q WKH WHDP RIP DQDJHUV HP SO R\ HG L Q D
pUP Z KHQ WKH SUL QFL SDO ￿pUP RZ QHU FDQ SO D\DQ DFWL Y H URO H L Q GHWHUP L QL QJ WHDP RXW￿
SXW￿8 QO HVV WKH SUL QFL SDO ￿ V FRP SHQVDWL RQ L V QRQ￿ GHFUHDVL QJ L Q pUP Y DO XH WKHUH L V DQ
DGGL WL RQDO P RUDO KD]DUG SUREO HP VL QFH WKH SUL QFL SDO Z L O O KDY H DQ L QFHQWL Y H WR UHGXFH
RXWSXW￿, Q WKL VFRQWH[ WZ HGHWHUP L QHWHDP æ DQG KHQFHpUP æ VL ]HDQG VRO Y HI RUWKHI RUP
RI RSWL P DO P DQDJHUL DO FRP SHQVDWL RQ FRQWUDFWV￿, Q SDUWL FXO DUZ H GHWHUP L QH FRQGL WL RQV
X Q G H U ZK LF K R S W LP D O F R Q W U D F W V ZLOO K D YH R S W LR Q ￿OLNH IH D W X U H V ￿
.H\ ZRUGVª 0RUDO KD]DUG LQ WHDPV￿ ([HFXWLYH FRPSHQVDWLRQ￿ ([HFXWLYH VWRFN RSWLRQV￿
%RXQGDU\ RI WKH pUP
-(/ FODVVLpFDWLRQª’ º ￿* Œ ￿- Œ
)LUVW ’UDIWª 1RYHPEHU ￿￿￿￿
&XUUHQW ’UDIWª -DQXDU\ ￿￿￿￿
D 7KH :KDUWRQ 6FKRROæ 8QLYHUVLW\ RI 3HQQV\OYDQLD DQG 1%(5￿
2rFHª ıº￿Ł￿ ￿￿￿￿Ø￿￿º )D[ª ıº￿Ł￿ ￿￿￿￿￿º￿￿ JRUWRQ#ZKDUWRQ￿XSHQQ￿HGX
E 7KH :KDUWRQ 6FKRROæ 8QLYHUVLW\ RI 3HQQV\OYDQLD￿
2rFHª ıº￿Ł￿ ￿￿￿￿Œ￿￿Ø )D[ª ıº￿Ł￿ ￿￿￿￿￿º￿￿ JUXQG\#ZKDUWRQ￿XSHQQ￿HGX
7KH DXWKRUV WKDQN 5DMHVK $JJDUZDOæ )UDQFHVFD &RUQHOOLæ 5RQHQ ,VUDHOæ (UQVW 0DXJæ 7RGG
0LOERXUQæ -RKDQQHV 5DDEDOOHæ %LOJH <LOPD] DQG WKH SDUWLFLSDQWV LQ VHPLQDUV DW ’DUWPRXWKæ /RQGRQ
%XVLQHVV 6FKRROæ 0LFKLJDQæ <DOHæ WKH :KDUWRQ 6FKRRO DQG ￿￿￿￿ $)$ 0HHWLQJV￿ 7KH VHFRQG DXWKRU
JUDWHIXOO\ DFNQRZOHGJHV pQDQFLDO VXSSRUW IURP WKH *HHZD[￿7HUNHU 5HVHDUFK 3URJUDP LQ )LQDQFLDO
,QVWUXPHQWV￿ $ PRQRSRO\ RQ HUURUV UHPDLQV IXOO\ YHVWHG ZLWK WKH DXWKRUV￿7KH WKHRU\ RI WKH pUP H[DPLQHV ZK\ SURMHFWV DUH FRPELQHG DQG WKH OLPLWV WR VXFK LQWHJUD￿
WLRQ￿ ,Q WKHLU VXUYH\ RI WKH WKHRU\ RI WKH pUP +ROPVWURP DQG 7LUROH ı￿￿￿￿æ S￿￿￿￿ QRWH WKDW ?>Z@KLOH
LW LV UHODWLYHO\ HDV\ WR HQYLVLRQ UHDVRQV IRU LQWHJUDWLRQæ LW LV VXEVWDQWLDOO\ KDUGHU WR DUWLFXODWH FRVWV
RI LQFUHDVHG VL]H￿ß :H H[DPLQH D VHWWLQJ ZKHUH DGGLQJ D SURMHFW WR WKH pUP UHTXLUHV KLULQJ DQ
DGGLWLRQDO PDQDJHU￿ :H VKRZ KRZ LQFUHDVLQJ DJHQF\ SUREOHPV SURYLGH D QDWXUDO ERXQGDU\ RQ pUP
VL]H￿￿ ’HWHUPLQLQJ RSWLPDO pUP VL]H UHTXLUHV VLPXOWDQHRXVO\ VROYLQJ IRU RSWLPDO PDQDJHULDO FRP￿
SHQVDWLRQ FRQWUDFWV￿ ,Q GRLQJ VRæ ZH HVWDEOLVK FRQGLWLRQV XQGHU ZKLFK FRPSHQVDWLRQ ZLOO RSWLPDOO\
LQYROYH RSWLRQV DV GLVWLQFW IURP HTXLW\￿OLNH FRPSHQVDWLRQ￿º
:H IRUPDOO\ HPEHG WKH SULQFLSDO￿DJHQW SUREOHP LQ D pUPæ ZKHUH D pUP LV GHpQHG E\ WKUHH
FKDUDFWHULVWLFV￿ )LUVWæ D pUP PD\ KDYH DVVHWV￿LQ￿SODFHæ LQ ZKLFK FDVH D PDQDJHU FDQ IUHH￿ULGH RQ
H[LVWLQJ DVVHWV￿ 6HFRQGæ D pUP PD\ KDYH PRUH WKDQ RQH PDQDJHUæ LQ ZKLFK FDVH D PDQDJHU FDQ
IUHH￿ULGH RQ KHU FROOHDJXHV￿ HoRUWV￿ 7KHVH pUVW WZR FKDUDFWHULVWLFV FDQ PHDQ WKDW LQGXFLQJ HoRUW LQ
D pUP VHWWLQJ LV PRUH GLrFXOW WKDQ LQ D VHWWLQJ ZKHUH D PDQDJHU LV FRPSHQVDWHG RQO\ ZLWK FODLPV
RQ WKH YDOXH DGGHG E\ KHU RZQ HoRUWV￿ 7KLUGæ WKH SULQFLSDO LV DQ DFWLYH SDUWLFLSDQW LQ WKH pUP￿
7KLV WKLUG FKDUDFWHULVWLF LV WKH PRVW LPSRUWDQW IRU RXU UHVXOWV DQG GLVWLQJXLVKHV WKH PRGHO
RI WKLV SDSHU IURP WKDW RI +ROPVWURP ı￿￿￿º￿￿ +ROPVWURP IRFXVHV RQ WKH VHFRQG FKDUDFWHULVWLF
QRWHG DERYHæ QDPHO\ WKH SUREOHP RI FRQWUDFWLQJ ZLWK PXOWLSOH PDQDJHUV￿ )RU DQ\ JLYHQ QXPEHU
RI PDQDJHUVæ pUVW EHVW HoRUW OHYHOV DUH DFKLHYDEOH LI PDQDJHUV DUH SURPLVHG D ERQXV LQ WKH HYHQW
WKDW pUP YDOXH H[FHHGV D OHYHO FRQVLVWHQW ZLWK WKHP DOO ZRUNLQJ￿ 7KLV RXWFRPH LV WKH UHVXOW RI
LQWURGXFLQJ D ?SULQFLSDOß ZKRVH VROH SXUSRVH LV WR EH WKH UHVLGXDO FODLPDQW RQ DQ\ H[FHVV RI pUP
YDOXH RYHU DQG DERYH WKH ERQXVHV HDUQHG_XQOHVV DOO PDQDJHUV ZRUNæ HDFK ZLOO UHFHLYH QRWKLQJ DQG
DQ\ RXWSXW ZLOO JR WR WKH SULQFLSDO￿ 7KH SULQFLSDO LV D GHYLFH DOORZLQJ WKH PDQDJHUV WR FRPPLW
WR QRW VKDUH RXWSXW LQ WKH HYHQW WKDW WKH\ GR QRW DOO ZRUNæ DQG WKH IRUIHLWXUH RI RXWSXW WR WKH
￿ )RU DQ TXLWH GLoHUHQW DQDO\VLV RI WKH UHODWLRQ EHWZHHQ DJHQF\ SUREOHPV DQG RUJDQL]DWLRQDO
VWUXFWXUH VHH +HUPDOLQ ı￿￿￿￿￿￿
º 7KXV ZH JR SDUW ZD\ LQ DGGUHVVLQJ .ROH￿V ı￿￿￿￿æ S￿ ￿￿￿ REVHUYDWLRQ WKDW ?YDULDWLRQ LQ
FRPSHQVDWLRQ FRQWUDFWLQJ FKDOOHQJHV WKHRULVWV WR LQFRUSRUDWH WKH ULFKQHVV RI PDQDJHPHQW FRQWUDFWV
LQWR PRGHOV RI LQFHQWLYH SD\￿ß
￿SULQFLSDO LV WKH HQIRUFHDEOH JURXS SHQDOW\ ZKLFK LPSOHPHQWV pUVW￿EHVW￿
+ROPVWURP ı￿￿￿ºæ S￿ Œº￿￿ REVHUYHV WKDW ?LW LV LPSRUWDQW WKDW WKH SULQFLSDO QRW SURYLGH DQ\
ıXQREVHUYDEOH￿ SURGXFWLYH LQSXWV RU HOVH D IUHH￿ULGHU SUREOHP UHPDLQV￿ß ,Q FRQWUDVW WR +ROPVWURP￿V
SULQFLSDOæ WKH SULQFLSDO LQ RXU SDSHU LV DFWLYH DQG FDQ SURYLGH QRQ￿YHULpDEOH SURGXFWLYH LQSXWV￿ LQ
SDUWLFXODUæ QHJDWLYH LQSXWV￿ 7KH SULQFLSDO ZLOO KDYH DQ LQFHQWLYH WR UHGXFH RXWSXW ZKHQHYHU GRLQJ
VR ZRXOG LQFUHDVH WKH YDOXH RI KLV UHVLGXDO FODLP￿
:KHQ WKH SULQFLSDO LV SXUHO\ DQ LQDFWLYH EXGJHW￿EUHDNHU DV LQ +ROPVWURP￿V PRGHOæ WKH LVVXH
RI pUP VL]H QHYHU DULVHV￿ :KHQ WKH SULQFLSDO LV DFWLYHæ SRWHQWLDO PDQDJHUV ZLOO EH ORDWK WR DFFHSW
FRQWUDFWV WKDW JLYH WKH SULQFLSDO WKH LQFHQWLYH WR UHGXFH RXWSXW￿ 7KH SULQFLSDO ZLOO QRW KDYH WKLV
LQFHQWLYH LI PDQDJHULDO FRQWUDFWV DUH VXFK WKDW WKH SULQFLSDO￿V SD\Ro LV QRQ￿GHFUHDVLQJ LQ pUP YDOXH￿
$V ZLOO EH VHHQæ PDQDJHULDO FRQWUDFWLQJ LQ WKH IDFH RI D SRWHQWLDO PRUDO KD]DUG SUREOHP RQ WKH
SDUW RI WKH SULQFLSDO FRQVWUDLQV WKH QXPEHU RI PDQDJHUV ZKR FDQ EH PRWLYDWHG WR ZRUNæ DQG KHQFH
XQGHUOLHV RXU UHVXOWV RQ pUP VL]H￿
2XU VHWWLQJ LV RWKHUZLVH TXLWH VLPSOHª 7KHUH LV QRQYHULpDELOLW\ RI D VLPSOH ]HUR￿RQH ıVKLUN
RU ZRUN￿ HoRUW FKRLFH RQ WKH SDUW RI HDFK PDQDJHU￿ WKHUH LV QR XQFHUWDLQW\ FRQFHUQLQJ RXWSXW
JLYHQ WKH HoRUW FKRLFHV￿ DQG WKH SULQFLSDO DQG PDQDJHUV DUH ULVN￿QHXWUDO￿ 7KH SDSHU￿V WLWOH UHIHUV
WR ?VKRUW￿OLYHG SURMHFWV￿ß 7KH SURMHFWV FRQVLGHUHG LQ WKLV SDSHU DUH VKRUW￿OLYHG LQ WKH VHQVH WKDW
WKH\ FDQ RQO\ EH XQGHUWDNHQ LQ WKH FXUUHQW SHULRG￿ 7KH DELOLW\ WR GHIHU ORQJ￿OLYHG SURMHFWV DQG
WKH UHVXOWDQW SRVVLELOLW\ WKDW D PDQDJHU PD\ DWWHPSW WR IUHH￿ULGH RQ WKH pUP￿V IXWXUH PDQDJHUV LV
FRQVLGHUHG LQ D FRPSDQLRQ SDSHUª ?([HFXWLYH &RPSHQVDWLRQ DQG WKH %RXQGDU\ RI WKH )LUPª 7KH
&DVH RI /RQJ￿/LYHG 3URMHFWV￿ß
7KH SDSHU SURFHHGV DV IROORZV￿ 6HFWLRQ ￿ SUHVHQWV WKH PRGHO￿ 6HFWLRQ º DQDO\]HV D UHVWULFWHG
Y H U V L R QR IW K HS U R E O H PL QZ K L F KW K HQ X P EH UR IP D Q D J H U VL Vp [ H G æD O OP D Q D J H U VD U HF R P S H Q V D W H GZ L W K
LGHQWLFDO FRQWUDFWV LQYROYLQJ ZDJHVæ HTXLW\ VKDUHV DQG RSWLRQV RQ HTXLW\ VKDUHVæ DQG WKH SULQFLSDO
DQG PDQDJHUV SRVVHVV OLPLWHG OLDELOLW\￿ 6HFWLRQ Œ VROYHV WKH JHQHUDO SUREOHP RI PLQLPL]LQJ WKH
FRVW RI KLULQJ DQG PRWLYDWLQJ D p[HG QXPEHU RI PDQDJHUV￿ 7KH RSWLPDO QXPEHU RI PDQDJHUV WR
ºKLUHæ DQG KHQFH RSWLPDO VL]Hæ LV WKH VXEMHFW RI 6HFWLRQ Ø￿ 6HFWLRQ Ł DQDO\]HV WKH XQLTXHQHVV RI WKH
HTXLOLEULXP DQG KLJKOLJKWV WKH OLQN EHWZHHQ PDQDJHULDO OLPLWHG OLDELOLW\ DQG XQLTXHQHVV￿ 6HFWLRQ ￿
H[WHQGV RXU UHVXOWV RQ pUP VL]H WR WKH FDVH RI VWRFKDVWLF RXWSXW DQG PDQDJHULDO ULVN DYHUVLRQ￿ 2XU
FRQFOXVLRQV DUH FRQWDLQHG LQ 6HFWLRQ ￿￿
￿￿ 7KH 0RGHO
2XU pUP FRQVLVWV RI D FRPELQDWLRQ RI DVVHWV￿LQ￿SODFH DQG P QHZ LQYHVWPHQW RSSRUWXQLWLHV￿
(DFK VXFK SURMHFW UHTXLUHV WKH ODERU VHUYLFHV RI D PDQDJHU￿ 7KH RZQHU RI WKH pUPæ WKH SULQFLSDOæ
VXSSOLHV DQ\ FDSLWDO UHTXLUHG E\ WKH pUPæ FKRRVHV WKH QXPEHU RI SURMHFWVæ Q x PæW RD F W X D O O \E H
XQGHUWDNHQ DQG PXVW GHVLJQ FRPSHQVDWLRQ FRQWUDFWV WR DWWUDFW Q PDQDJHUVæ RQH IRU HDFK SURMHFW￿
0DQDJHUV￿ HoRUW FKRLFHV DUH QRW YHULpDEOH￿ )LUP VL]H LV PHDVXUHG E\ Qæ WKH QXPEHU RI SURMHFWV
XQGHUWDNHQ￿
￿￿￿ 7KH DVVXPSWLRQV
8WLOLW\ )XQFWLRQV DQG 2SSRUWXQLW\ &RVWVª 7KH SULQFLSDO DQG WKH PDQDJHUV DUH ULVN￿QHXWUDO￿
(DFK PDQDJHU L￿V XWLOLW\ IXQFWLRQ LV JLYHQ E\ & b HL’æZ K H U H& LV KHU OLIHWLPH FRQVXPSWLRQæ HL
LV KHU ]HUR￿RQH HoRUW FKRLFH DQG ’ LV WKH GLVXWLOLW\ RI H[SHQGLQJ HoRUW￿ $ PDQDJHU￿V UHVHUYDWLRQ
XWLOLW\ LV 5￿ $W D PLQLPXP WKH PDQDJHU PXVW EH FRPSHQVDWHG IRU KHU IRUJRQH RSSRUWXQLWLHVæ 5æ
DQG IRU WKH GLVXWLOLW\ RI HoRUWæ ’￿ ,I D PDQDJHU FDQ EH LQGXFHG WR ZRUN DW D FRVW RI 5 ￿ ’æW K H Q
ZH VD\ WKDW KHU FRPSHQVDWLRQ LV ?OHDVW￿FRVW￿ß
7KH 3URGXFWLRQ 7HFKQRORJ\ª &RQGLWLRQDO RQ NQRZLQJ WKH ]HUR￿RQH HoRUW FKRLFH RI D JLYHQ
PDQDJHU WKHUH LV QR XQFHUWDLQW\ DERXW KHU SURMHFW￿V SD\Ro￿ )RU VLPSOLFLW\æ ZH DVVXPH WKDW DOO
SURMHFWV KDYH LGHQWLFDO SRWHQWLDO SD\RoV￿ ,I D PDQDJHU GRHVQ￿W PDNH DQ HoRUWæ WKH DVVRFLDWHG
SURMHFW￿V SD\Ro LV ]HUR￿ ,I HoRUW LV H[SHQGHG HDFK SURMHFW￿V SD\Ro LV c￿ 7KH SURMHFWV DUH HDFK
SRWHQWLDOO\ SRVLWLYH 139 LQYHVWPHQWV LQ WKDW WKH SD\Ro LV JUHDWHU WKDQ WKH PLQLPXP SRVVLEOH
FRVW RI KLULQJ DQG PRWLYDWLQJ D PDQDJHU￿ L￿H￿æ c !5￿ ’￿ 7KH OLTXLGDWLRQ YDOXH RI WKH pUP￿V
DVVHWV￿LQ￿SODFH DW WKH HQG RI WKH SHULRG LV $y￿ ￿7 K HL Q W H U H V WU D W HL V] H U R ￿
7KH &RQWUDFWLQJ 7HFKQRORJ\ª 6LQFH WKH PDQDJHUV￿ HoRUW FKRLFHV DUH QRW YHULpDEOHæ FRQWUDFWV
ŒDUH OLPLWHG WR IXQFWLRQV RI pUP YDOXH￿ )LUP YDOXH LWVHOI LV YHULpDEOH￿ 1RQ￿FRQWUDFWLELOLW\ RI HoRUW
LPSOLHV WKDW WKH FDVK qRZV IURP WKH FRPELQDWLRQ RI WKH DVVHWV￿LQ￿SODFH DQG WKH SURMHFWV XQGHUWDNHQ
FDQ QRW EH YHULpDEO\ DWWULEXWHG WR SDUWLFXODU SURMHFWV￿ )LUP YDOXH GHSHQGV RQ WKH WRWDO HoRUW
H[SHQGHGæ
3Q
M ￿ HMæ DQG LV LQGHSHQGHQW RI WKH LGHQWLW\ RI WKH SDUWLFXODU PDQDJHUV PDNLQJ DQ
HoRUW￿Œ 0DQDJHUV PD\ RU PD\ QRW KDYH OLPLWHG OLDELOLW\ DQG ZH FRQVLGHU ERWK SRVVLELOLWLHV￿
$Q $FWLYH 3ULQFLSDOª 2XU SULQFLSDO LV DVVXPHG DFWLYH LQ WKH VHQVH WKDW KH FDQ QRQ￿YHULpDEO\
UHGXFH RXWSXW￿ ,Q WKH H[WUHPHæ VXFK D SULQFLSDO FRXOG GHVWUR\ RXWSXW￿ 0RUH JHQHUDOO\æ DQ DFWLYH
SULQFLSDO KDV DQ LQFHQWLYH WR VHFUHWO\ UHQHJRWLDWH ZLWK VRPH VXEVHW RI WKH PDQDJHUV ZKHQHYHU
EULELQJ WKLV VXEVHW QRW WR ZRUN ZRXOG LQFUHDVH WKH YDOXH RI KLV FODLP￿ 7KH SULQFLSDO ZLOO QRW KDYH
DQ LQFHQWLYH WR UHGXFH RXWSXWæ VR ORQJ DV PDQDJHULDO FRPSHQVDWLRQ FRQWUDFWV DUH GHVLJQHG VR WKDW
WKH UHVLGXDO SD\Ro WR WKH SULQFLSDO LV QRQ￿GHFUHDVLQJ LQ pUP YDOXH￿
￿￿º 7KH SULQFLSDO￿V SUREOHP IRU p[HG Q
7KH SULQFLSDO PXVW GHVLJQ D VHW RI FRQWUDFWV ZKLFK ZLOO EH RoHUHG WR WKH SRWHQWLDO PDQDJHUV￿
(DFK PDQDJHU ZKR DJUHHV WR SDUWLFLSDWH WKHQ PDNHV DQ HoRUW FKRLFH JLYHQ KHU FRQMHFWXUH FRQFHUQLQJ
WKH HoRUW FKRLFHV RI WKH RWKHU PDQDJHUV￿ :H VROYH WKLV SUREOHP DV D PHFKDQLVP GHVLJQ SUREOHP LQ
ZKLFK WKH SULQFLSDO RSWLPDOO\ FKRRVHV FRQWUDFWV ZKHQ WKH PDQDJHUV￿ HoRUW FKRLFHV DQG FRQMHFWXUHV
FRQVWLWXWH D 1DVK HTXLOLEULXP￿ 7KH DQDO\VLV SURFHHGV E\ pUVW WDNLQJ WKH QXPEHU RI SURMHFWVæ QæD V
JLYHQæ DQG WKHQ ıLQ 6HFWLRQ Ø￿ GHWHUPLQHV WKH RSWLPDO pUP VL]H E\ pQGLQJ WKH RSWLPDO QXPEHU RI
SURMHFWV WR XQGHUWDNHæ Qe￿
7KH JURVV pUP YDOXH DVVRFLDWHG ZLWK XQGHUWDNLQJ Q SURMHFWV LV VLPSO\ $￿Qc￿ 7KH SULQFLSDO
VHHNV WR PLQLPL]H WKH WRWDO FRPSHQVDWLRQ FRVW RI LQGXFLQJ Q PDQDJHUV WR SDUWLFLSDWH DQG PDNH
DQ HoRUW￿ /HW nL GHQRWH WKH WHUPV RI PDQDJHU L￿V FRQWUDFW￿ /HW &ınLM
3Q
M ￿ HM   N￿E HW K H
FRPSHQVDWLRQ UHFHLYHG E\ PDQDJHU L FRQGLWLRQDO RQ pUP YDOXH EHLQJ $ ￿ Nc￿ L￿H￿æ FRQGLWLRQDO RQ
Œ ,W LV SUHFLVHO\ WKH IDFW WKDW pUP YDOXH LV LQGHSHQGHQW RI WKH LGHQWLW\ RI WKH SDUWLFXODU
PDQDJHUV PDNLQJ DQ HoRUW ZKLFK H[SODLQV ZK\ WKH YDOXH RI WKH pUP FDQ EH YHULpDEOHæ \HW WKHUH FDQ
VWLOO EH DQ DJHQF\ SUREOHP￿ $V ZLOO EH VHHQæ RXU UHVXOWV RQ pUP VL]H DSSO\ VR ORQJ DV DJJUHJDWH pUP
YDOXH LV REVHUYDEOH￿ 9HULpDELOLW\ RI pUP YDOXH LV RQO\ UHOHYDQW IRU WKH IRUP RI RSWLPDO PDQDJHULDO
FRQWUDFWV￿
ØD WRWDO RI N RI WKH PDQDJHUV PDNLQJ DQ HoRUW￿ 5HFDOO WKDW VLQFH DQ LQGLYLGXDO PDQDJHU￿V HoRUW LV
QRW YHULpDEOHæ FRPSHQVDWLRQ FRQWUDFWV PXVW EH IXQFWLRQV RI pUP YDOXH DQG pUP YDOXH GHSHQGV RQ
WKH WRWDO HoRUW H[SHQGHGæ
3Q
M ￿ HM￿) R UQ p[HGæ WKH SULQFLSDO￿V SUREOHP LVª
PLQ
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&RQVWUDLQW ı￿￿ LV WKH SDUWLFLSDWLRQ FRQVWUDLQW￿ &RQVWUDLQW ıº￿ LV WKH PDQDJHULDO HoRUW FRQ￿
VWUDLQW￿ 8QGHU DQ RSWLPDO FRQWUDFW WKH PDQDJHUV￿ HoRUW FKRLFHV DUH DVVXPHG WR FRQVWLWXWH D 1DVK
HTXLOLEULXP LQ ZKLFK HDFK PDQDJHU ZRUNV EHOLHYLQJ WKDW WKH RWKHU Q b ￿ PDQDJHUV ZLOO DOVR ZRUN￿
&RQVWUDLQW ıŒ￿ LV WKH SULQFLSDO￿V LQFHQWLYH FRPSDWLELOLW\ FRQVWUDLQW JXDUDQWHHLQJ WKDW WKH SULQFLSDO
GRHV QRW KDYH DQ LQFHQWLYH WR UHGXFH RXWSXW￿ &RQVWUDLQW ıŒ￿ VWDWHV WKDW PDQDJHULDO FRQWUDFWV PXVW
EH GHVLJQHG VXFK WKDW WKH UHVLGXDO SD\Ro WR WKH SULQFLSDO LV QHYHU KLJKHU WKDQ LW LV ZKHQ DOO Q
PDQDJHUV ZRUN￿ ,PDJLQH VROYLQJ ı3,￿ VXEMHFW RQO\ WR FRQVWUDLQWV ı￿￿ DQG ıº￿￿ 2QH VROXWLRQ WR WKLV
UHGXFHG SUREOHP ZRXOG EH WR SD\ HDFK PDQDJHU D p[HG DPRXQWæ ) x 5æ DQG D ERQXV RI ’￿5b)
WR EH UHFHLYHG LQ WKH HYHQW WKDW pUP YDOXH LV $ ￿ Qc RU PRUH￿ 6XFK D FRQWUDFW VDWLVpHV ERWK
FRQVWUDLQWV ı￿￿ DQG ıº￿ DW OHDVW￿FRVW￿
%XW JLYHQ DQ DFWLYH SULQFLSDOæ VXFK D FRQWUDFW ZLOO QRW VXFFHHG LQ LQGXFLQJ Q PDQDJHUV WR
VLJQ DQG ZRUN￿ ,I DQ DFWLYH SULQFLSDO ZHUH WR VHFUHWO\ UHQHJRWLDWH ZLWK DQ\ RQH PDQDJHUæ SD\LQJ KHU D
EULEH RI 5b) QRW WR ZRUNæ WKHQ WKH SULQFLSDO ZRXOG QRW KDYH WR SD\ DQ\ ERQXVHV￿ $OWKRXJK RXWSXW
ZRXOG EH UHGXFHG E\ cæ WRWDO PDQDJHULDO FRPSHQVDWLRQ ZRXOG EH UHGXFHG E\ Qı’￿5b)￿bı5b)￿￿
:KHQHYHU Q!c￿ 5b)
’￿5b) æ WKH SULQFLSDO ZRXOG EH EHWWHU Ro E\ KDYLQJ UHGXFHG RXWSXW￿ %XW DOO WKH
ŁRWKHU PDQDJHUV ZLOO UHFRJQL]H WKDW VRPHRQH HOVH ZLOO KDYH EHHQ EULEHG QRW WR ZRUNæ DQG KHQFH WKH\
WRR ZRXOG pQG LW RSWLPDO QRW WR ZRUN￿ 5HFRJQL]LQJ WKDWæ LQ WKH HQGæ QR￿RQH ZDV JRLQJ WR ZRUNæ
QR PDQDJHU ZRXOG DJUHH WR SDUWLFLSDWH￿ %\ GHVLJQLQJ PDQDJHULDO FRQWUDFWV VXFK WKDW WKH UHVLGXDO
SD\Ro WR WKH SULQFLSDO LV DOZD\V QRQ￿GHFUHDVLQJ LQ pUP YDOXHæ WKH SULQFLSDO FDQ JXDUDQWHH WKDW KH
ZLOO QRW EH WHPSWHG E\ VXFK D PRUDO KD]DUG￿
º￿ 7KH 5HVWULFWHG 3UREOHP IRU )L[HG Q
)RU p[HG Q ZH pUVW VROYH WKH SULQFLSDO￿V SUREOHPæ ı3,￿æ E\ DGGLQJ WZR FRQVWUDLQWV RQ FRQWUDFW
IRUP DQG UHWXUQ LQ 6HFWLRQ Œ WR WKH PRUH JHQHUDO SUREOHP RI 6XEVHFWLRQ ￿￿º￿ 7KH WZR DGGLWLRQDO FRQ￿
VWUDLQWV DUH WKDWª L￿ 0DQDJHULDO FRQWUDFWV WDNH WKH IRUP RI LGHQWLFDO ZDJH￿HTXLW\￿RSWLRQ FRQWUDFWV
IRU HDFK PDQDJHU￿ DQG LL￿ $OO SDUWLHV HQMR\ OLPLWHG OLDELOLW\￿ :H FRQVLGHU RQO\ ZDJH￿HTXLW\￿RSWLRQ
FRQWUDFWV IRU WZR UHDVRQV￿ )LUVWæ WKHVH DUH WKH FRQWUDFWV REVHUYHG LQ SUDFWLFH DQG ZH ZRXOG OLNH WR
GHWHUPLQH FRQGLWLRQV XQGHU ZKLFK HDFK LV XVHG￿Ø 6HFRQGæ WKH PRGHO DQG WKH UHVXOWV DUH HDVLHU WR
XQGHUVWDQG ZKHQ H[SOLFDWHG LQ WHUPV RI WKHVH IDPLOLDU FRQWUDFW IRUPV￿ *LYHQ LGHQWLFDO FRQWUDFWV IRU
HDFK PDQDJHUæ HDFK SURMHFW￿PDQDJHU FRPELQDWLRQ LV WKH VDPH￿ ,Q VROYLQJ IRU DQ RSWLPDO FRQWUDFW
ZH IRFXV RQ D UHSUHVHQWDWLYH FRPELQDWLRQ￿ +HQFHIRUWK ZKHQHYHU ZH UHIHU WR ?WKH PDQDJHUß ZH
PHDQ WKLV UHSUHVHQWDWLYH PDQDJHU￿
7KHVH WZR FRQVWUDLQWV DLG WKH H[SRVLWLRQ￿ %XWæ DV ZH ZLOO VKRZæ WKH\ GR QRW DoHFW HLWKHU
WKH FRVW RI DQ RSWLPDO PDQDJHULDO FRPSHQVDWLRQ FRQWUDFW RU WKH QXPEHU RI PDQDJHUV ZKR FDQ EH
KLUHG DQG PRWLYDWHG WR ZRUN￿ 0DQDJHULDO OLPLWHG OLDELOLW\ FDQ WKRXJK DoHFW WKH XQLTXHQHVV RI WKH
HTXLOLEULXP￿
$ ZDJH￿HTXLW\￿RSWLRQV FRQWUDFW LV GHpQHG E\ WKH VSHFLpFDWLRQ RI D ZDJH￿HTXLW\ VKDUH SDLUæ
I:￿ oJæZ K H U H: GHQRWHV D SURPLVHG ZDJH DQG o GHQRWHV DQ HTXLW\ VKDUH￿ 7KH HTXLW\ YHVWV DW WKH
HQG RI WKH FRQWUDFW￿ L￿H￿æ DIWHU WKH PDQDJHU￿V UHVHUYDWLRQ XWLOLW\ KDV GHFOLQHG WR ]HUR￿Ł 7KH IUDFWLRQ
Ø -DFNVRQ DQG /D]HDU ı￿￿￿￿￿ DOVR DQDO\]H WKH ZDJHæ HTXLW\ DQG RSWLRQ FRPSRQHQWV RI RSWLPDO
FRQWUDFWV￿ 7KHLU IRFXV LV RQ ULVN￿DYHUVLRQ DQG RXWSXW XQFHUWDLQW\ UDWKHU WKDQæ DV KHUHæ RQ PXOWLSOH
PDQDJHUV DQG WKH SULQFLSDO￿V PRUDO KD]DUG￿
Ł ,PPHGLDWH YHVWLQJ LV ZHDNO\ GRPLQDWHG E\ GHOD\HG YHVWLQJ￿ L￿H￿æ WKH FRVW RI LQGXFLQJ SDU￿
WLFLSDWLRQ DQG HoRUW LV ZHDNO\ ORZHU ZKHQ D PDQDJHU LV XQDEOH WR VLJQæ UHVLJQ LPPHGLDWHO\æ UHJDLQ
￿o PHDVXUHV WKH KROGHU￿V FODLP RQ WKH IXOO\ GLOXWHG QXPEHU RI VKDUHV RXWVWDQGLQJ DIWHU DQ\ H[HUFLVH
RI RSWLRQV￿ $Q H[HFXWLYH VWRFN RSWLRQ FRUUHVSRQGV WR :Æ￿D Q Go!￿￿ L￿H￿æ D FRQWUDFW VSHFLI\LQJ
D QHJDWLYH ZDJH VKRXOG EH LQWHUSUHWHG DV DQ H[HFXWLYH VWRFN RSWLRQ ZKHUH WKH PDQDJHU SD\V DQ
H[HUFLVH SULFH : LQWR WKH pUP LQ H[FKDQJH IRU WKH DZDUG RI D IUDFWLRQ o RI WKH HTXLW\￿






p p p p p
Q ;
M ￿






p p p p p
Q ;
M ￿
HM   Q
￿




p p p p p
Q ;
M ￿
HM   Q
￿
$ b ’ y &
￿
#o￿:
p p p p p
Q ;
M ￿
HM   Q b ￿
￿
$ ıHoRUW FRQVWUDLQW￿ı LL￿
o x ￿ Q ıQR SULQFLSDO PRUDO KD]DUG￿ı LLL￿




p p p p p
Q ;
M ￿
HM   Q
￿
$ª PD[>￿￿:￿ o>$ ￿ Qc b Q:@@ª ıLY￿




p p p p p
Q ;
M ￿








￿ oPD[>￿￿$ ￿ Qc b Q:@ª ıY￿
7KH IDFW WKDW WKH SULQFLSDO￿V SD\Ro PXVW EH QRQGHFUHDVLQJ LQ pUP YDOXH UXOHV RXW VKRUW￿
VHOOLQJ E\ WKH SULQFLSDO￿ 6LQFH WKH SULQFLSDO FDQ QRW JR VKRUWæ WKH IUDFWLRQ RI WKH HTXLW\ WKDW FDQ YHVW
ZLWK DQ\ LQGLYLGXDO PDQDJHU LV DW PRVW RQH PLQXV WKH DJJUHJDWH RI WKH IUDFWLRQV WKDW YHVW ZLWK RWKHU
PDQDJHUV￿ :KHQ WKH pUP FRQVLVWV RI Q SURMHFWV DQG Q PDQDJHUVæ V\PPHWULF ZDJH￿HTXLW\￿RSWLRQ
FRPSHQVDWLRQ FRQWUDFWV LPSO\ WKDW HDFK PDQDJHU FDQ KROG DW PRVW RQO\ ￿ Q RI WKH IXOO\￿GLOXWHG
HTXLW\ ıFRQVWUDLQW ıLLL￿D E R Y H ￿ ￿ ￿
KHU RXWVLGH RSSRUWXQLWLHV DQG OHDYH ZLWK D YDOXDEOH HTXLW\ RU RSWLRQ FODLP RQ WKH pUP￿
￿ $OWHUQDWLYHO\æ LI YRWHV DUH OLQNHG WR VKDUHV LQ VRPH SURSRUWLRQæ WKH FRQVWUDLQW PD\ UHqHFW WKH
￿7KH PDQDJHUV￿ OLPLWHG OLDELOLW\ PHDQV WKDW ZKHQHYHU :Æ￿ WKH SDLU VKRXOG EH LQWHUSUHWHG
DV WKH WHUPV RI DQ RSWLRQ FRQWUDFW ıFRQVWUDLQW ıLY￿D E R Y H ￿ ￿ ￿ 7KH UHDGHU PD\ QRWLFH WKDW ZH KDYH
QRW UHVWULFWHG o WR EH QRQ￿QHJDWLYH￿ :H ZLOO VKRZ LQ 3URSRVLWLRQ º WKDW ZKHQ D VROXWLRQ WR WKH
UHVWULFWHG SUREOHP H[LVWVæ WKH VROXWLRQ VDWLVI\LQJ o y ￿ FDQ QRW EH LPSURYHG XSRQ VLQFH LW DFKLHYHV
OHDVW￿FRVW￿ +HQFH PDQDJHULDO OLPLWHG OLDELOLW\ ZLOO EH VDWLVpHG VLQFH RSWLPDO PDQDJHULDO FRQWUDFWV
ZLOO HLWKHU WDNH WKH IRUP RI VWRFN RSWLRQV RU D FRPELQDWLRQ RI D QRQ￿QHJDWLYH SURPLVHG ZDJH DQG D
QRQ￿QHJDWLYH HTXLW\ VKDUH￿ 7KH SULQFLSDO￿V OLPLWHG OLDELOLW\ PHDQV WKDW WKH pUP￿V HTXLW\ LV DQDORJRXV
WR DQ RSWLRQ RQ WKH pUP￿V DVVHWV ıFRQVWUDLQW ıY￿ DERYH￿￿ )RU H[DPSOHæ LI WKH DJJUHJDWH SURPLVHG
ZDJH H[FHHGV DJJUHJDWH pUP YDOXHæ WKHQ WKH pUP ZLOO EH EDQNUXSW DQG HDFK PDQDJHU￿GHEWKROGHU
ZLOO UHFHLYH ￿￿QWK RI WKH pUP LQ SDUWLDO SD\PHQW RI KHU ZDJH FODLP￿ +HQFH WKH ZDJH UHFHLYHG
FRPSRQHQW RI ıY￿L VP L Q > :￿ $ ￿Qc
Q @￿
º￿￿ 7KH SDUWLFLSDWLRQ DQG HoRUW FRQVWUDLQWV RI WKH UHVWULFWHG SUREOHP
7R DQDO\]H WKH HoRUW DQG SDUWLFLSDWLRQ FRQVWUDLQWV ZH QHHG DQ H[SUHVVLRQ IRU WKH UHSUHVHQ￿
XQZLOOLQJQHVV RI WKH SULQFLSDO WR WUDQVIHU VR PDQ\ YRWHV WKDW DOO FRQWURO ULJKWV DUH DOVR WUDQVIHUUHG￿
:LWK WKLV LQWHUSUHWDWLRQ D FRQVWUDLQW UHVWULFWLQJ o WR EH VWULFWO\ OHVV WKDQ RQH ZRXOG VWLOO H[LVW ZLWK
EXW RQH PDQDJHU￿ )RU DQ DQDO\VLV RI WKLV SUREOHPæ VHH *RUWRQ DQG *UXQG\ ı￿￿￿￿￿￿
￿ ,W LV LQVWUXFWLYH WR OHW ; ª  b: GHQRWH WKH H[HUFLVH SULFH RI WKH ZDUUDQW JUDQWHG WR WKH
PDQDJHU￿ 6KH RZQV D ZDUUDQW JLYLQJ KHU WKH ULJKW WR DFTXLUH WKH IUDFWLRQ o R IW K Hp U PL IV K HS D \ V
; LQWR WKH pUP￿ 7KH FRPSHQVDWLRQ H[SUHVVLRQ LQ ıLY￿ WKHQ VLPSOLpHV WR WKH SD\Ro IURP VXFK D
ZDUUDQWª
PD[>￿￿oı$ ￿ Qc￿Q;￿ b ;@ª
1RWH WKDW WKH PDQDJHU QHHG QRW OLWHUDOO\ SD\ PRQH\ LQWR WKH pUP￿ $ ZDUUDQW WKDW VDWLVpHV FRQGLWLRQ
ıLLL￿W K D Wo x ￿ Q FDQ WDNH WKH IRUP RI D VWRFN DSSUHFLDWLRQ ULJKW￿ 7R VHH WKLVæ OHW < ª  ￿
￿boQ;￿
6LQFH o x ￿ Qæ < y ￿￿ /HW I ª  o
￿boQ DQG QRUPDOL]H WKH QXPEHU RI VKDUHV RXWVWDQGLQJ WR RQH￿
6XSSRVH HDFK PDQDJHU ZHUH FRPSHQVDWHG ZLWK D VWRFN DSSUHFLDWLRQ ULJKW JLYLQJ KHU WKH ULJKW WR D
SD\PHQW HTXDO WR DQ\ H[FHVV RI WKH YDOXH RI I VKDUHV RYHU DQG DERYH < ￿ &RQGLWLRQDO RQ N PDQDJHUV
ZRUNLQJæ HDFK PDQDJHU ZRXOG UHFHLYH FRPSHQVDWLRQæ &æ VDWLVI\LQJ
&  PD[>￿￿Iı$ ￿ Nc b Q&￿ b < @￿








 PD[>￿￿oı$ ￿ Nc￿Q;￿ b ;@ª
￿WDWLYH PDQDJHU￿V FRPSHQVDWLRQ FRVW￿ &RQGLWLRQDO RQ DOO RWKHU PDQDJHUV ZRUNLQJæ WKH UHSUHVHQWDWLYH
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,I WKH SDUWLFLSDWLRQ FRQVWUDLQW LV WR EH VDWLVpHGæ WKH PDQDJHU￿V FRPSHQVDWLRQ ZKHQ VKH







￿ oPD[>￿￿$ ￿ Qc b Q:@ b ’ y 5ª
)RU : y $
Q ￿ cæ WKH SDUWLFLSDWLRQ FRQVWUDLQW VLPSOLpHV WRª
$
Q
￿cb ’ y 5￿
ZKLFKæ JLYHQ c !5￿’æL VD O Z D \ VV D W L V p H G ￿) R U:Æ$
Q ￿cæ WKH SDUWLFLSDWLRQ FRQVWUDLQW VLPSOLpHV
WRª
o y
5 ￿ ’ b :
$ ￿ Qc b Q:
ª
$Z D J HR ID WO H D V W5￿’ ZLOO LQGXFH SDUWLFLSDWLRQ HYHQ DEVHQW DQ HTXLW\ VKDUH￿ &RQYHUVHO\æ DEVHQW
D ZDJHæ DQ HTXLW\ VKDUH RI DW OHDVW 5￿’
$ ￿Qc ZLOO LQGXFH SDUWLFLSDWLRQ VLQFH WKH YDOXH RI WKDW VKDUH ZLOO
EH DW OHDVW 5 ￿ ’￿
,I WKH HoRUW FRQVWUDLQW LV WR EH VDWLVpHGæ WKH PDQDJHU￿V FRPSHQVDWLRQ ZKHQ VKH ZRUNV PXVW
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7KH VHW RI I:￿oJ SDLUV VDWLVI\LQJ WKH HoRUW FRQVWUDLQW GHSHQGV FUXFLDOO\ RQ WKH QXPEHU RI SURMHFWV
WR EH VLPXOWDQHRXVO\ XQGHUWDNHQ￿ 7KH IRUP RI WKH HoRUW FRQVWUDLQW GHSHQGV RQ ZKHWKHU Q LV ?ODUJHß
RU ?VPDOOßæ ZKHUH ODUJH DQG VPDOO DUH GHpQHG DV IROORZVª
’HpQLWLRQª 7KH QXPEHU RI SURMHFWV WR EH XQGHUWDNHQ LV VDLG WR EH ODUJH LI Q!c
’￿ 2WKHUZLVH WKH
QXPEHU LV VDLG WR EH VPDOO￿
￿1RWLFH WKDW WKLV GHpQLWLRQ LQYROYHV D FRPSDULVRQ EHWZHHQ WKH DJJUHJDWH QXPEHU RI SURMHFWV
WR EH XQGHUWDNHQæ Qæ DQG PDQDJHULDO SURGXFWLYLW\ DV PHDVXUHG E\ WKH RXWSXW￿LQSXW UDWLRæ c
’￿
:KHQ : y $ ￿Qc
Q WKH HoRUW FRQVWUDLQW LQ ıØ￿ VLPSOLpHV WR Q x c
’￿7 K X VZ K H QQ LV ODUJHæ WKH HoRUW
FRQVWUDLQW FDQ QRW EH VDWLVpHG E\ FRQWUDFWV LQYROYLQJ : y $ ￿Qc
Q ￿








Qı$ ￿Qc bQ:bıc bQ’￿￿





3URRIª 6HH $SSHQGL[ $￿
7KH HoRUW FRQVWUDLQW JLYHQ ODUJH Q LV GHSLFWHG LQ )LJXUH ￿￿ 7KH LQWXLWLRQ XQGHUO\LQJ )LJXUH
￿ LV VWUDLJKWIRUZDUG￿ 6XSSRVH : x
$ ￿ıQb￿￿c
Q ￿ $Q\ VXFK SURPLVHG ZDJH FDQ DOZD\V EH SDLG LQ IXOO
VR ORQJ DV Qb￿ PDQDJHUV ZRUN￿ $Q\ VXFK RSWLRQ ZLOO DOZD\V pQLVK LQ￿WKH￿PRQH\ DQG EH H[HUFLVHG￿
7KXV WKH UHDOL]HG ZDJH LV QRW HoRUW VHQVLWLYH￿ 7KXV LI WKH PDQDJHU LV WR EH LQGXFHG WR ZRUN ZKHQ
: x
$ ￿ıQb￿￿c
Q æ KHU HTXLW\ VKDUH DORQH PXVW SURYLGH WKH DSSURSULDWH LQFHQWLYHV￿ $Q HTXLW\ VKDUH
RI ’
c RI WKH LQFUHPHQW WR HTXLW\ YDOXH LI VKH ZRUNV ZLOO JLYH KHU ’
c d cæ DQG WKHUHE\ FRPSHQVDWHV




Q æ WKH UHDOL]HG ZDJH LV HoRUW VHQVLWLYH￿ $V GHSLFWHG LQ )LJXUH
￿æ WKH HoRUW FRQVWUDLQW LV XSZDUG￿VORSLQJ IRU : LQ WKLV UDQJH￿ 7R XQGHUVWDQG WKLVæ FRPSDUH WZR
FRQWUDFWV￿ 2QH FRQWUDFW RoHUV WKH KLJKHVW SRVVLEOH ZDJH WKDW LV QRW HoRUW VHQVLWLYHæ L￿H￿æ :  
$ ￿ıQb￿￿c
Q æ DQG DQ HTXLW\ VKDUH RI o   ’
c ￿ &OHDUO\ WKLV FRQWUDFW VDWLVpHV WKH HoRUW FRQVWUDLQW￿ 7KH
VHFRQG FRQWUDFW RoHUV D SURPLVHG ZDJH WKDW LV ø￿ JUHDWHU WKDQ WKDW RI WKH pUVW FRQWUDFW DQG WKH VDPH
HTXLW\ VKDUH￿ 3URYLGHG WKDW VKH ZRUNVæ RXU UHSUHVHQWDWLYH PDQDJHU￿V UHDOL]HG ZDJH ZLOO EH ø￿ PRUH
XQGHU WKH VHFRQG FRQWUDFW WKDQ WKH pUVW￿ ,Q IDFWæ HYHU\ PDQDJHU ZLOO UHFHLYH DQ DGGLWLRQDO GROODU LQ
ZDJHV LI VKH ZRUNV￿ 7KXV FRQGLWLRQDO RQ ZRUNLQJæ KHU HTXLW\ VKDUH LV OHVV YDOXDEOH XQGHU WKH VHFRQG
FRQWUDFW WKDQ XQGHU WKH pUVW E\ DQ DPRXQW HTXDO WR KHU VKDUH RI WKH LQFUHDVHG ZDJH ELOO￿ L￿H￿æ E\
o d Q d ø￿￿ :KHQ Q LV ODUJHæ WKLV GHFOLQH LQ YDOXH RI KHU HTXLW\ VKDUH XQGHU WKH VHFRQG FRQWUDFW
UHODWLYH WR WKH pUVW DFWXDOO\ H[FHHGV WKH ø￿ LQFUHDVH LQ KHU ZDJHª o d Q d ø￿   ’
c d Q d ø￿ ! ø￿
￿￿IRU Q ODUJH￿ &RQGLWLRQDO RQ QRW ZRUNLQJæ VKH UHFHLYHV
$ ￿ıQb￿￿c
Q XQGHU HLWKHU FRQWUDFW￿ 7KHUHIRUHæ
WR LQGXFH HoRUW ZKHQ KHU ZDJH LV LQFUHDVHG E\ ø￿ UHTXLUHV WKDW KHU HTXLW\ VKDUH DOVR EH LQFUHDVHG￿
,W IROORZV LPPHGLDWHO\ IURP )LJXUH ￿ WKDWª
3URSRVLWLRQ ￿￿ :KHQ FRPSHQVDWLRQ FRQWUDFWV DUH UHVWULFWHG WR LGHQWLFDO ZDJH￿HTXLW\￿RSWLRQ FRQ￿
WUDFWV ZLWK OLPLWHG OLDELOLW\ DQG WKH SULQFLSDO LV DFWLYHæ LW LV LPSRVVLEOH WR PRWLYDWH D ODUJH QXPEHU
RI PDQDJHUV WR ZRUN￿
:KHQ Q LV ODUJHæ VDWLVIDFWLRQ RI WKH HoRUW FRQVWUDLQW UHTXLUHV WKDW HDFK PDQDJHU UHFHLYH
DQ HTXLW\ VKDUH RI DW OHDVW ’
c RU PRUH￿ 7KH PD[LPXP HTXLW\ VKDUH WKDW FDQ EH DZDUGHG WR HDFK
PDQDJHU ZLWKRXW FUHDWLQJ DQ LQFHQWLYH IRU WKH SULQFLSDO WR HQJDJH LQ PRUDO KD]DUG LV ￿ Q￿$O D U J H
YDOXH IRU Q PHDQV WKDW WKLV PD[LPXP LV OHVV WKDQ ’
c ￿
1RZ FRQVLGHU WKH HoRUW FRQVWUDLQW ZKHQ WKH QXPEHU RI SURMHFWV LV VPDOO￿
/HPPD º￿ : KHQ WKH QXPEHU RI SURMHFWV LV VPDOOæ WKH HoRUW FRQVWUDLQW WDNHV WKH IRUPª
o y
￿
! ! ! ! Æ
! ! ! ! ª
’b:










Qı$ ￿Qc bQ:￿bıc bQ’￿
$ ￿Qc bQ: ￿ LI : º ı
$ ￿ıQb￿￿c
Q ￿ $ ￿Qc
Q ￿￿
b￿￿ LI : y $ ￿Qc
Q ￿
ı￿￿
3URRIª 6HH $SSHQGL[ $￿
3URPLVHG ZDJHV WKDW LQ DJJUHJDWH H[FHHG WRWDO RXWSXW SOXV WKH YDOXH RI DQ\ DVVHWV￿LQ￿SODFH
ıL￿H￿æ YDOXHV RI : y $ ￿Qc
Q ￿ HoHFWLYHO\ JLYH HDFK PDQDJHU RZQHUVKLS RI ￿ Q R IW K Hp U P ￿7 K L VL VV R
EHFDXVH VXFK SURPLVHG ZDJHV ZLOO DOZD\V EDQNUXSW WKH pUP￿ %\ ZRUNLQJæ HDFK PDQDJHU DGGV c
W RW K Hp U P ￿2 IW K L VL Q F U H D V HL Qp U PY D O X H æV K HZ L O OU H F H L Y H ￿
Q d cæ ZKLFKæ VLQFH Q LV VPDOOæ H[FHHGV
WKH GLVXWLOLW\ RI KHU HoRUWV￿￿ 7KH UHOHYDQW UHJLRQ RI WKH HoRUW FRQVWUDLQW IRU VPDOO Q LV GHSLFWHG LQ
)LJXUH º￿
7R XQGHUVWDQG WKH WKUHH VHJPHQWV GHSLFWHG LQ )LJXUH ºæ FRQVLGHU WKH YDULRXV FRUUHVSRQGLQJ
OHYHOV RI :￿ &RQVLGHU pUVW WKH VHJPHQW ZLWK SURPLVHG ZDJHV LQ WKH UDQJH ı
$ ￿ıQb￿￿c
Q ￿ $ ￿Qc
Q @￿ 6XFK
￿ 1RW VXUSULVLQJO\æ VDWLVI\LQJ WKH HoRUW FRQVWUDLQW E\ SURPLVLQJ HYHU\WKLQJ WR WKH PDQDJHUV
LV QRW WKH PLQLPXP FRVW ZD\ RI KLULQJ DQG PRWLYDWLQJ D VPDOO Q QXPEHU RI PDQDJHUV￿
￿￿KLJK SURPLVHG ZDJHV FDQ RQO\ EH SDLG LQ IXOO LI WKH PDQDJHU ZRUNV￿ :KHQ WKH SURPLVHG ZDJH LV
HTXDO WR
$ ￿ıQb￿￿c
Q ￿ ’æ WKH GLoHUHQFH EHWZHHQ WKH ZDJH UHFHLYHG ZKHQ WKH PDQDJHU ZRUNV YHUVXV
WKDW UHFHLYHG ZKHQ VKH VKLUNV LV H[DFWO\ ’￿ +HQFH WKH HoRUW FRQVWUDLQW LV VDWLVpHG IRU o  ￿￿ $V :
LV UHGXFHG EHORZ
$ ￿ıQb￿￿c
Q ￿’ WKH RWKHU SHUIRUPDQFH￿VHQVLWLYH FRPSHQVDWLRQ FRPSRQHQWæ oæP X V W
EH LQFUHDVHG LI WKH HoRUW FRQVWUDLQW LV WR UHPDLQ VDWLVpHG￿ &RQVLGHU QRZ WKH KRUL]RQWDO VHJPHQW￿
’LYLGH LW LQWR SRVLWLYH DQG QHJDWLYH ZDJH UHJLRQV￿ :KHQ : º >￿￿
$ ￿ıQb￿￿c
Q @æ WKH SURPLVHG ZDJH
FDQ DOZD\V EH SDLG LQ IXOO DQG KHU HTXLW\ VWDNH DORQH PXVW PRWLYDWH KHU WR PDNH DQ HoRUW￿ 7KLV
UHTXLUHV WKDW KHU VKDUH RI WKH LQFUHDVH LQ pUP YDOXH LI VKH ZRUNVæ ocæ H[FHHGV KHU GLVXWLOLW\ RI
HoRUWæ ’￿ L￿H￿æ o y ’
c ￿: K H Q: º >b
’ı$ ￿ıQb￿￿c ￿
c bQ’ ￿￿ @W K HH [ H U F L V HS U L F HR IW K HR S W L R QL VV X F KW K D W
ZKHQ WKH PDQDJHU￿V HTXLW\ VKDUH HTXDOV ’
c æ KHU RSWLRQ pQLVKHV LQ￿WKH￿PRQH\ ZKHWKHU VKH ZRUNV RU
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)RU D p[HG VPDOO Qæ )LJXUH Œ GHSLFWV WKH SDUWLFLSDWLRQ DQG HoRUW FRQVWUDLQWV IRU YDU\LQJ
OHYHOV RI $æ DQG UHqHFWV WKH IROORZLQJ SURSHUW\ RI WKH FRQVWUDLQWVª
/HPPD Œ￿ 6XSSRVH Q LV VPDOO￿ ,I WKH SDUWLFLSDWLRQ DQG HoRUW FRQVWUDLQWV LQWHUVHFW VWULFWO\æ WKHQ
WKH\ GR VR LQ WKH KRUL]RQWDO VHFWLRQ RI WKH HoRUW FRQVWUDLQW￿
3URRIª 6HH $SSHQGL[ $￿
:KLFK SDQHO RI )LJXUH Œ LV UHOHYDQW GHSHQGV RQ WKH VL]H RI $ ￿ Qc￿ 1RWH WKDW $ ￿ Qc
LV LQFUHDVLQJ LQ $æ EXW QRW QHFHVVDULO\ LQ Q￿ 6LQFH ZH DUH FRQVLGHULQJ RQO\ D FDQGLGDWH p[HG Qæ
GLoHUHQFHV DFURVV SDQHOV UHqHFW RQO\ GLoHUHQFHV LQ $￿$ V$ LQFUHDVHVæ RQH PRYHV IURP WKH VHWWLQJ
LQ )LJXUH ŒıD￿ WR WKDW LQ ŒıE￿æ DQG pQDOO\ WR ŒıF￿￿ $Q LQFUHDVH LQ $ O H D G VW RD QL Q F U H D V HL QW K H
PD[LPXP SRVVLEOH ZDJH WKDW FRXOG EH SDLG LQ IXOO HYHQ DEVHQW DQ\ PDQDJHULDO HoRUWª )RU :!￿
DQ LQFUHDVH LQ $ VKLIWV WKH HoRUW FRQVWUDLQW KRUL]RQWDOO\ WR WKH ULJKW￿ $Q LQFUHDVH LQ $ DOVR OHDGV
WR DQ LQFUHDVH LQ WKH PD[LPXP SRVVLEOH H[HUFLVH SULFH RI DQ RSWLRQ WKDW ZLOO pQLVK H[DFWO\ DW￿
￿ºWKH￿PRQH\ DEVHQW DQ\ PDQDJHULDO HoRUWª )RU :Æ￿D QL Q F U H D V HL Q$ VKLIWV WKH HoRUW FRQVWUDLQW
KRUL]RQWDOO\ WR WKH OHIW￿ $Q LQFUHDVH LQ $ FDXVHV WKH SDUWLFLSDWLRQ FRQVWUDLQW WR SLYRW DURXQG
WKH SRLQW I:   5 ￿ ’￿o  ￿ J￿ $ FRQWUDFW RI WKH IRUP I:   5 ￿ ’￿o  ￿ J ZLOO MXVW VDWLVI\
WKH SDUWLFLSDWLRQ FRQVWUDLQW LUUHVSHFWLYH RI WKH YDOXH RI $￿ 7KH HTXLW\ VWDNH QHFHVVDU\ WR LQGXFH
SDUWLFLSDWLRQ ZKHQ WKH ZDJH LV OHVV WKDQ 5 ￿ ’ LV GHFUHDVLQJ LQ $￿ )RU H[DPSOHæ FRQVLGHU WKH
]HUR￿ZDJHæ DOO￿HTXLW\ FRQWUDFWª I:  ￿ ￿o   5￿’
$ ￿Qc J￿ 7KXVæ WKH SDUWLFLSDWLRQ FRQVWUDLQW URWDWHV
GRZQZDUGV DV $ LQFUHDVHV￿
$V VKRZQ LQ )LJXUH ŒıD￿æ ZKHQ $￿Qc x Q5￿ cæ DQ\ FRQWUDFW WKDW LQGXFHV WKH PDQDJHU
WR SDUWLFLSDWH ZLOO DOVR LQGXFH KHU WR PDNH DQ HoRUW DW OHDVW￿FRVW￿ 7KH IRUP RI DQ RSWLPDO FRQWUDFW
FRXOG EH DQ\ RI WKH IROORZLQJª DQ DOO￿ZDJH FRQWUDFWæ DQ DOO￿HTXLW\ FRQWUDFWæ D FRPELQDWLRQ RI
ZDJHV DQG HTXLW\æ RU DQ H[HFXWLYH VWRFN RSWLRQ￿ )LJXUHV ŒıE￿ DQG ŒıF￿ DUH ERWK VLWXDWLRQV ZKHUH
$ ￿ Qc !Q 5￿ c DQG DQ DOO￿ZDJH FRQWUDFW LV QHYHU RSWLPDO￿ 7R XQGHUVWDQG WKH GLoHUHQFH LQ
RSWLPDO FRQWUDFW IRUP EHWZHHQ SDQHOV ıE￿ DQG ıF￿æ FRQVLGHU WKH ]HUR￿ZDJHæ DOO￿HTXLW\ FRQWUDFW WKDW
MXVW VDWLVpHV WKH HoRUW FRQVWUDLQWª I:  ￿ ￿o  ’
c J￿ 7KH YDOXH RI WKH PDQDJHU￿V FODLP ZKHQ VKH
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:KHWKHU WKLV FRQWUDFW ZLOO LQGXFH SDUWLFLSDWLRQ GHSHQGV RQ ZKHWKHU ’
c ı$￿ıQb￿￿c￿ FRPSHQVDWHV
KHU IRU IRUJRLQJ KHU RXWVLGH RSSRUWXQLWLHV￿ :KHQ ’
c ı$ ￿ı Q b ￿￿c￿ Æ5 æ D SRVLWLYH ZDJH PXVW EH
DGGHG WR LQGXFH SDUWLFLSDWLRQ￿ %XWæ ZKHQ ’
c ı$￿ıQb￿￿c￿ !5 æ WKH PDQDJHU LV RYHUFRPSHQVDWHG
IRU KDYLQJ IRUJRQH 5 DQG WKLV ]HUR￿ZDJHæ DOO￿HTXLW\ FRQWUDFW LV QRW DQ RSWLPDO FRQWUDFW￿ &KDUJLQJ
WKH PDQDJHU D ?VWULNH SULFHß WR UHFHLYH KHU HTXLW\ VKDUH FDQ UHGXFH WKH FRVW RI WKH FRQWUDFW ZLWKRXW
DoHFWLQJ WKH PDQDJHU￿V LQFHQWLYH WR ZRUN RU HOLPLQDWLQJ KHU GHVLUH WR SDUWLFLSDWH￿
º￿º 2SWLPDO FRQWUDFWV LQ WKH UHVWULFWHG SUREOHP IRU p[HG VPDOO Q
/HW &e GHQRWH WKH FRVW RI DQ RSWLPDO FRQWUDFW￿ 3URSRVLWLRQ º IROORZV LPPHGLDWHO\ IURP
LQVSHFWLRQ RI )LJXUHV ŒıD￿æ ıE￿æ DQG ıF￿￿
￿Œ3URSRVLWLRQ º￿ ı7KH &RVW RI $Q 2SWLPDO &RQWUDFW JLYHQ Q 6PDOO￿
:K H Q Q LV VPDOO WKH VROXWLRQ WR WKH SULQFLSDO￿V SUREOHP LV OHDVW￿FRVW￿ L￿H￿æ &e   5 ￿ ’￿
:H QRZ WXUQ WR WKH IRUP RI DQ RSWLPDO FRQWUDFW ZKHQ PDQDJHUV DUH UHZDUGHG ZLWK LGHQWLFDO
ZDJH￿HTXLW\￿RSWLRQV SDFNDJHV DQG PDQDJHUV HQMR\ OLPLWHG OLDELOLW\￿ ,QVSHFWLRQ RI )LJXUHV ŒıD￿æ ıE￿æ
DQG ıF￿ DOVR UHYHDOV WKDW OHDVW￿FRVW FDQ EH DFKLHYHG ZLWKRXW HYHU KDYLQJ WR RoHU WKH PDQDJHUV D
FRQWUDFW ZLWK oÆ￿￿ 3URSRVLWLRQ Œ IRUPDOL]HV WKH GLVFXVVLRQ RI )LJXUH Œ LQ WHUPV RI QHFHVVDU\
DQG￿RU VXrFLHQW FRQGLWLRQV IRU WKH FRQWUDFW WR LQFOXGH HoRUW￿VHQVLWLYH ZDJHVæ D QRQ￿RSWLRQ HTXLW\
DZDUGæ DQG H[HFXWLYH VWRFN RSWLRQV￿
3URSRVLWLRQ Œ￿ ı7KH )RUP RI 2SWLPDO ,GHQWLFDO :DJH￿(TXLW\￿2SWLRQV &RQWUDFW ZLWK
/LPLWHG /LDELOLW\ *LYHQ 6PDOO Q￿
)RU Q VPDOOæ RSWLPDO FRQWUDFWV WKDW WDNH WKH IRUP RI LGHQWLFDO ZDJH￿HTXLW\￿RSWLRQV SDFNDJHV
ZLWK OLPLWHG OLDELOLW\ KDYH WKH IROORZLQJ SURSHUWLHVª
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Œ￿ ([HFXWLYH 6WRFN 2SWLRQVæ I:Æ￿￿o!￿Jæ FDQ DOZD\V EH SDUW RI DQ RSWLPDO FRQWUDFW￿ 7KH
RSWLPDO FRQWUDFW PXVW EH DQ H[HFXWLYH VWRFN RSWLRQ LI $ ￿ Qc ! 5￿’
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7KH SURRI IROORZV E\ LQVSHFWLRQ RI )LJXUH Œ￿ &RPSHQVDWLRQ XQGHU DQ RSWLPDO FRQWUDFW PXVW
EH VHQVLWLYH WR WKH HoRUW FKRLFH￿ :KHQ WKH YDOXH RI WKH pUP DV PHDVXUHG E\ $￿Qc LV VXrFLHQWO\
ORZæ DQ RSWLPDO FRQWUDFW QHHG QRW LQYROYH DQ\ HTXLW\ EHFDXVH WKH SURPLVHG ZDJH FRPSRQHQW FDQ
EH KRQRUHG RQO\ LI WKH PDQDJHU ZRUNV_WKH ZDJH UHFHLYHG LV VHQVLWLYH WR WKH PDQDJHU￿V HoRUW￿ $W
KLJKHU OHYHOV RI pUP YDOXHæ LW LV QRW RSWLPDO WR SURPLVH D ZDJH WKDW LV VR ODUJH DV WR EH VHQVLWLYH WR
WKH PDQDJHU￿V HoRUW FKRLFH￿ 2SWLPDO FRQWUDFWV ZLOO WKHQ LQYROYH DQ HTXLW\ FRPSRQHQWª WKHUH PD\
EH ZDJHV SOXV HTXLW\￿ RU D ]HUR￿ZDJHæ DOO￿HTXLW\ FRQWUDFW￿ RU H[HFXWLYH VWRFN RSWLRQV￿ $V PHQWLRQHG
DERYHæ ZKHQ pUP YDOXH EHFRPHV VXrFLHQWO\ KLJKæ DQ HTXLW\ VKDUH ODUJH HQRXJK WR LQGXFH HoRUW
RYHUSD\V WKH PDQDJHU￿ (TXLW\ JLYHV KHU D FODLP QRW RQO\ RQ ZKDW VKH DGGVæ EXW DOVR RQ WKH HoRUWV
￿ØRI KHU FROOHDJXHV DQG RQ WKH DVVHWV￿LQ￿SODFH￿ 7KH VROXWLRQ LV WKHQ WR CVHOO￿ WKH PDQDJHU KHU HoRUW￿
LQGXFLQJ HTXLW\ VKDUH LQ UHWXUQ IRU D VWULNH SULFH￿ L￿H￿æ RSWLPDO FRQWUDFWV WDNH WKH IRUP RI VWRFN
RSWLRQV￿￿
5HDO ZRUOG pUPV DUH QRW ￿￿￿ł RZQHG E\ PDQDJHUV￿ 7KH VDPH LV WUXH KHUH LQ WKH IROORZLQJ
VHQVH￿ 7KH SULQFLSDO RZQV DOO WKH RXWVWDQGLQJ HTXLW\ XQWLO WKH HQG RI WKH SHULRG DW ZKLFK SRLQW
WKH PDQDJHUV YHVW LQ D PD[LPXP RI ￿￿￿ł RI WKH HTXLW\￿ ,Q WKLV DUWLFOH WKH SURMHFW HQGV DIWHU RQH
SHULRG￿ ,I VLQJOH SHULRG SURMHFWV DUH VLPSO\ UHSHDWHG WKHQ WKH SULQFLSDO LQ D JLYHQ SHULRG LV WKH
S U L R US U L Q F L S D OD Q GW K HV H WR IP D Q D J H U VZ K RU H F H L Y H GH T X L W \L QW K HS U L R US H U L R G ￿
Œ￿ 7KH *HQHUDO 3UREOHP IRU )L[HG Q
:H VROYH WKH SULQFLSDO￿V JHQHUDO SUREOHP IRU p[HG Q E\ VKRZLQJ WKDW WKH LPSRVLWLRQ RI
WKH DGGLWLRQDO FRQVWUDLQWV ıRI LGHQWLFDO ZDJH￿HTXLW\￿RSWLRQV FRQWUDFWV DQG OLPLWHG OLDELOLW\￿ LQ WKH
UHVWULFWHG SUREOHP GRHV QRW DoHFW HLWKHU WKH IHDVLELOLW\ RU FRVW RI KLULQJ Q PDQDJHUV￿ :H KDYH
VKRZQ WKDW IRU VPDOO Qæ OHDVW￿FRVW FRPSHQVDWLRQ FDQ EH DFKLHYHG LQ WKH UHVWULFWHG SUREOHP￿ +HQFHæ
IRU VPDOO Qæ WKH VROXWLRQ JLYHQ LGHQWLFDO ZDJH￿HTXLW\￿RSWLRQV FRQWUDFWV ZLWK OLPLWHG OLDELOLW\ FDQ
QRW EH LPSURYHG XSRQ￿ :H QRZ VKRZ WKDW IRU ODUJH Q WKH JHQHUDO SUREOHP ODFNV D VROXWLRQ￿
7KHRUHP ￿￿ ı7KH %RXQG RQ )LUP 6L]H￿ *LYHQ DQ DFWLYH SULQFLSDO DQG ODUJH Qæ WKHUH GRHV
QRW H[LVW DQ\ FRQWUDFW WKDW FDQ LQGXFH HoRUW IURP WKH PDQDJHUV￿
￿ 2WKHU UDWLRQDOHV IRU WKH XVH RI RSWLRQV LQ H[HFXWLYH FRPSHQVDWLRQ DUH TXLWH GLVWLQFW IURP
WKLV IXQGDPHQWDO UHVXOW WKDW OLQNV WKH XVH RI RSWLRQV WR pUP YDOXH HYHQ JLYHQ ULVN￿QHXWUDOLW\ DQG QR
XQFHUWDLQW\ DERXW SURMHFW SD\RoV FRQGLWLRQDO RQ WKH HoRUW FKRLFH￿ ,Q WKH QRZ VWDQGDUG SULQFLSDO￿
DJHQW VHWWLQJ ZLWK D ULVN￿DYHUVH DJHQWæ 5RVV ı￿￿￿Ø￿ HVWDEOLVKHG WKH OLQN EHWZHHQ WKH FRQYH[LW\
YHUVXV FRQFDYLW\ RI DQ RSWLPDO IHH VFKHGXOH DQG WKH VSHFLpFV RI WKH WUDGH￿Ro EHWZHHQ ULVN￿VKDULQJ
DQG LQFHQWLYHV￿ /DPEHUW ı￿￿￿￿￿ DQG +LUVKOHLIHU DQG 6XK ı￿￿￿º￿ H[DPLQH VHWWLQJV LQ ZKLFK WKH FRP￿
SHQVDWLRQ VFKHPH DoHFWV ERWK WKH DJHQW￿V FKRLFH EHWZHHQ ULVN\ SURMHFWV DQG WKH HoRUW H[SHQGHG￿
0DQDJHULDO HoRUW FDQ HLWKHU JHQHUDWH LQIRUPDWLRQ DERXW WKH GLVWULEXWLRQ RI UHWXUQV RQ WKH IXWXUH
SURMHFWV IURP ZKLFK WKH PDQDJHU ZLOO VHOHFW ıDV LQ /DPEHUW￿ RU LQFUHDVH WKH SD\Ro IURP WKH SDUWLF￿
XODU SURMHFW WKDW VKH KDV SUHYLRXVO\ VHOHFWHG ıDV LQ +LUVKOHLIHU DQG 6XK￿￿ 7KHVH DXWKRUV HVWDEOLVK
WKDW JLYHQ D ULVN￿UHZDUG WUDGHRo EHWZHHQ WKH SRWHQWLDO SURMHFWVæ RSWLPDO FRPSHQVDWLRQ VFKHPHV FDQ
LQYROYH PDQDJHULDO VWRFN RSWLRQV￿ +DJHUW\æ 2IHU DQG 6LHJHO ı￿￿￿￿￿ PRGHO DQG HPSLULFDOO\ H[DPLQH
WKH OLQN EHWZHHQ RSWLRQ￿OLNH IHDWXUHV RI FRPSHQVDWLRQ VFKHPHV DQG WKH FKRLFH EHWZHHQ SURMHFWV
ZLWK LPPHGLDWH YHUVXV IXWXUH SD\RoV￿ 6PLWK DQG :DWWV ı￿￿￿º￿ HPSLULFDOO\ H[DPLQH WKH UHODWLRQ
EHWZHHQ PHDVXUHV RI D pUP￿V LQYHVWPHQW RSSRUWXQLW\ VHW DQG LWV XVH RI RSWLRQ￿OLNH FRPSHQVDWLRQ
VFKHPHV￿
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’HVSLWH WKH IDFW WKDW WKH WHFKQRORJ\ H[KLELWV FRQVWDQW UHWXUQV WR VFDOH ıHDFK DGGLWLRQDO
PDQDJHU KLUHG DQG PRWLYDWHG IRUJRHV RXWVLGH RSSRUWXQLWLHV ZRUWK 5æ EHDUV GLVXWXWLOLW\ RI HoRUW
’æ DQG SURGXFHV c￿æ 7KHRUHP ￿ VKRZV WKDW WKHUH LV D OLPLW WR WKH VL]H RI WKH pUPª $ pUP FDQ
Q R WE HO D U J HL QW K HV H Q V HW K D WQ FDQ QRW H[FHHG c
’￿ $W URRW WKLV ERXQGDU\ RQ pUP VL]H LV GXH
WR WKH QRQ￿YHULpDELOLW\ RI HoRUW DQG WKH SRWHQWLDO IRU PRUDO KD]DUG RQ WKH SDUW RI WKH SULQFLSDO￿
7KH QRQ￿YHULpDELOLW\ RI HoRUW OLPLWV PDQDJHUV￿ FRQWUDFWV WR FODLPV RQ pUP YDOXH￿ )RU DQ\ JLYHQ Qæ
PRWLYDWLQJ HDFK PDQDJHU WR PDNH DQ HoRUW LQ WKH 1DVK HTXLOLEULXP UHTXLUHV WKDW HDFK PDQDJHU￿V
FRPSHQVDWLRQ LQFUHDVH E\ DW OHDVW ’ ZKHQ pUP YDOXH LQFUHDVHV E\ WKH ODVW c LQFUHPHQW￿ (DFK
PDQDJHU FRQMHFWXUHV WKDW WKH RWKHUV ZRUN DQG WKDW LW LV KHU HoRUW WKDW DGGV WKH ODVW c WR pUP
YDOXH￿ 7KXVæ LQ DJJUHJDWHæD WO H D V WQ’ LQ DGGLWLRQDO PDQDJHULDO FRPSHQVDWLRQ PXVW EH SDLG ZKHQ
pUP YDOXH LQFUHDVHV IURP $ ￿ı Q b ￿￿c WR $ ￿ Qc￿ %XW WKLV DJJUHJDWH LQFUHDVH LQ WKH PDQDJHUV￿
FRPSHQVDWLRQ FDQ QRW EH JUHDWHU WKDQ cæ RWKHUZLVH WKH UHVLGXDO SD\Ro WR WKH SULQFLSDO ZLOO GHFUHDVH
ZKHQ pUP YDOXH LQFUHDVHV￿
7KH ERXQG RQ pUP VL]H ZDV HVWDEOLVKHG FRQVLGHULQJ RQO\ SXUH VWUDWHJLHV￿ (DFK PDQDJHU
ZRUNV DQG FRQMHFWXUHV WKDW HDFK RWKHU PDQDJHU ZLOO FKRRVH WR ZRUN￿ ,Q D PL[HG￿VWUDWHJ\ HTXLOLE￿
ULXPæ HDFK PDQDJHU ZRUNV ZLWK VRPH SUREDELOLW\ } DQG FRQMHFWXUHV WKDW WKH HoRUW FKRLFHV RI WKH
RWKHU PDQDJHUV DUH LQGHSHQGHQW DQG WKDW HDFK ZLOO ZRUN ZLWK SUREDELOLW\ }￿’ R H V W K H U H H [ L V W D
FRQWUDFW DVVRFLDWHG ZLWK D PL[HG￿VWUDWHJ\ HTXLOLEULXP ZKLFK DOORZV WKH SULQFLSDO WR KLUH D ODUJH
QXPEHU RI PDQDJHUV DQG ZLWK VRPH SUREDELOLW\ KDYH D ODUJH QXPEHU RI SURMHFWV FRPSOHWHG" $S￿
SHQGL[ % HVWDEOLVKHV WKDW WKH DQVZHU LV QR￿ 7KH VDPH ERXQG RQ pUP VL]Hæ Q x c
’æ DSSOLHV ZKHQ
PDQDJHUV DUH KLUHG XQGHU D FRQWUDFW FRQVLVWHQW ZLWK PL[HG VWUDWHJLHV LQ PDQDJHULDO HoRUW FKRLFHV￿
3DUW Œ RI 3URSRVLWLRQ Œ VWDWHV WKDW ZKHQ RSWLPDO FRQWUDFWV WDNH WKH IRUP RI LGHQWLFDO
ZDJH￿HTXLW\￿RSWLRQV SDFNDJHV ZLWK OLPLWHG OLDELOLW\ DQG $ ￿ Qc ! 5￿’
’ cæ WKHQ WKH RSWLPDO FRQ￿
￿￿WUDFW PXVW EH DQ H[HFXWLYH VWRFN RSWLRQ￿ :H QRZ VKRZ WKDW WKLV LV D VSHFLDO FDVH RI D PRUH JHQHUDO
UHVXOWª :KHQHYHU PDQDJHUV KDYH OLPLWHG OLDELOLW\ DQG $ ￿Qc ! 5￿’
’ cæ WKHQ DQ RSWLPDO FRQWUDFW
PXVW KDYH RSWLRQ￿OLNH IHDWXUHV￿ L￿H￿æ RYHU VRPH UDQJH WKH PDQDJHU￿V SD\Ro PXVW EH FRQYH[ LQ pUP
YDOXH￿￿￿
7KHRUHP º￿ ı2SWLRQ￿OLNH )HDWXUH RI 2SWLPDO &RQWUDFWV *LYHQ /LPLWHG /LDELOLW\￿ 6XS￿
SRVH WKDW Q LV VPDOOæ WKDW PDQDJHUV KDYH OLPLWHG OLDELOLW\ DQG WKDW WKH SULQFLSDO LV DFWLYH￿ $Q
RSWLPDO FRQWUDFW FDQ QRW EH HYHU\ZKHUH FRQFDYH LQ pUP YDOXH LI
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ZKHUH WKH VHFRQG LQHTXDOLW\ IROORZV IURP WKH VDWLVIDFWLRQ RI WKH HoRUW FRQVWUDLQW ıº￿￿ &RPELQLQJ
WKH SDUWLFLSDWLRQ FRQVWUDLQW LQ ı￿￿ ZLWK WKH LQHTXDOLW\ LQ ı￿￿ JLYHVª
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7KLV UHVXOW LV SUHVHQWHG JUDSKLFDOO\ LQ )LJXUH Ø￿ ,Q )LJXUH Ø$æ $￿ DQG Q￿ DUH VXFK WKDW
$￿￿Q￿c x 5￿’
’ c DQG HDFK PDQDJHU￿V FRPSHQVDWLRQ FDQ EH FRQFDYH LQ pUP YDOXH ZLWKRXW YLRODWLQJ
PDQDJHULDO OLPLWHG OLDELOLW\￿ ,Q )LJXUH Ø%æ $￿￿ ! $￿￿, Q ) L J X U H Ø & æ Q￿￿ !Q ￿￿ )RU WKH SDUDPHWHU
YDOXHV RI )LJXUHV Ø% DQG Ø&æ D FRQWUDFW WKDW LV HYHU\ZKHUH FRQFDYH LQ pUP YDOXH ZLOO YLRODWH
PDQDJHULDO OLPLWHG OLDELOLW\￿
￿￿ .LP ı￿￿￿￿￿ H[DPLQHV WKH LVVXH RI FRQWUDFW IRUP DQG WKH RSWLPDOLW\ RI D ERQXV FRQWUDFW LQ D
V H W W L Q JZ L W KDS U L Q F L S D OD Q GDV L Q J O HD J H Q WZ K RP D N H VDF R Q W L Q X R X VH o R U WF K R L F HD Q GH Q M R \ VO L P L W H G
OLDELOLW\￿
￿￿7R WKLV SRLQW ZH KDYH H[DPLQHG RSWLPDO FRQWUDFWV WDNLQJ Q WR EH p[HG￿ %XW WKH QXPEHU RI
SURMHFWV WR EH XQGHUWDNHQ IURP WKH LQYHVWPHQW RSSRUWXQLW\ VHW ıRI VL]H P￿ LV LWVHOI D FKRLFH YDULDEOH
RI WKH SULQFLSDO￿ :H QRZ WXUQ WR WKH GHWHUPLQDWLRQ RI RSWLPDO pUP VL]H￿
Ø￿ 2SWLPDO )LUP 6L]H
)RU Q VPDOO WKH YDOXH RI WKH SULQFLSDO￿V FODLP RQ WKH pUP LV $￿Qıcb&e￿Z K H U Hı D VV K R Z Q
LQ 3URSRVLWLRQ º￿ &e   5 ￿ ’￿
7KHRUHP Œ￿ ı2SWLPDO )LUP 6L]H￿ 7KH RSWLPDO pUP VL]Hæ Qeæ LV WKH ODUJHVW QXPEHU RI SURMHFWV
OHVV WKDQ RU HTXDO WR P WKDW VDWLVpHV WKH FRQVWUDLQW Q x c
’￿
3URRIª 6R ORQJ DV LW LV IHDVLEOH WR KLUH DQG PRWLYDWH DQRWKHU PDQDJHU LW LV RSWLPDO WR GR VRæ
VLQFH ıIURP 3URSRVLWLRQ º￿ ZKHQHYHU LW LV IHDVLEOHæ HDFK PDQDJHU FDQ EH KLUHG DW OHDVW￿FRVWæ DQGæ E\
DVVXPSWLRQæ 5￿’Æc￿ 7KHRUHP ￿ HVWDEOLVKHV WKDW LW LV IHDVLEOH WR KLUH DQG PRWLYDWH Q PDQDJHUV
VR ORQJ DV Q LV VPDOO￿ 7KHUHIRUH WKH RSWLPDO Q VROYHVª
PD[
Q $ ￿ Qıc b ı5 ￿ ’￿￿








2SWLPDO pUP VL]H LV GHWHUPLQHG E\ PDQDJHULDO SURGXFWLYLW\ ZKLFK LV SUHFLVHO\ GHpQHG E\ c
’￿
$V SURGXFWLYLW\ LQFUHDVHVæ WKH LQFUHPHQW WR pUP YDOXH IURP D JLYHQ PDQDJHU ZRUNLQJ FDQ VXSSRUW
D ODUJHU QXPEHU RI PDQDJHUV PDNLQJ DQ HoRUW￿
Ł￿ 8QLTXHQHVV
(DFK PDQDJHU FRQWHPSODWLQJ KHU SDUWLFLSDWLRQ DW WKH pUP ZLOO KDYH D FRQMHFWXUH DERXW WKH
HoRUW FKRLFHV RI WKH RWKHU PDQDJHUV KLUHG￿ 3UREOHP ı3,￿ KDV EHHQ VROYHG ZKHQ PDQDJHUV FRQMHFWXUH
WKDW DOO RWKHU PDQDJHUV ZRUN￿ *LYHQ WKLV FRQMHFWXUHæ WKH FRQWUDFW LQGXFHV HoRUW FKRLFHV FRQVLVWHQW
ZLWK WKH FRQMHFWXUH￿ ,Q WKLV VHFWLRQ ZH FRQVLGHU WKH TXHVWLRQ RI ZKHWKHU DQ H[HFXWLYH FRPSHQVDWLRQ
FRQWUDFW WKDW LV D VROXWLRQ WR ı3,￿ FDQ DOVR EH DVVRFLDWHG ZLWK RWKHU HTXLOLEULD￿
￿￿Ł￿￿ ([LVWHQFH RI RSWLPDO FRQWUDFWV DVVRFLDWHG ZLWK XQLTXH HTXLOLEULD
)RU p[HG VPDOO Qæ GLoHUHQW FRQWUDFWV FDQ VROYH ı3,￿￿ 1RW DOO VROXWLRQV WR ı3,￿ DUH QHFHVVDULO\
DVVRFLDWHG ZLWK D XQLTXH HTXLOLEULXP LQ ZKLFK Q PDQDJHUV VLJQ DQG ZRUN￿ 6RPH FRQWUDFWV VROYLQJ
ı3,￿ FDQ EH DVVRFLDWHG ZLWK DQ DOWHUQDWH HTXLOLEULXP LQ ZKLFK PDQDJHUV GR QRW VLJQ EHFDXVH WKH\
UDWLRQDOO\ FRQMHFWXUH WKDW DQ\ PDQDJHUV ZKR GR VLJQ ZLOO QRW ZRUN￿ )RU H[DPSOHæ FRQVLGHU D
VROXWLRQ WR ı3,￿ LQ ZKLFK PDQDJHUV DUH FRPSHQVDWHG ZLWK RSWLRQV￿ 6XSSRVH WKH H[HUFLVH SULFH RI
WKHVH RSWLRQV LV VXFK WKDW WKH\ ZLOO pQLVK RXW￿RI￿WKH￿PRQH\ LI RQO\ RQH PDQDJHU ZRUNV￿ ,I HDFK
PDQDJHU FRQMHFWXUHV WKDW HYHU\ RWKHU PDQDJHU ZKR GRHV VLJQ ZLOO QRW ZRUNæ WKHQ WKDW PDQDJHU
ZLOO QRW pQG LW RSWLPDO WR EHDU WKH GLVXWLOLW\ RI HoRUW_KHU RSWLRQV ZLOO pQLVK RXW￿RI￿WKH￿PRQH\
ZKHWKHU VKH ZRUNV RU VKLUNV￿ %XW JLYHQ VXFK D FRQMHFWXUHæ HDFK PDQDJHU ZLOO pQG LW RSWLPDO QRW
WR VLJQ LQ WKH pUVW SODFH￿
7KH SULQFLSDO KRZHYHU LV LQ D SRVLWLRQ WR VHOHFW D FRQWUDFW IURP WKH VHW RI FRQWUDFWV VROYLQJ
ı3,￿￿ %\ GRLQJ VR KH VHOHFWV WKH VHW RI SRVVLEOH HTXLOLEULDæ DQG KH ZLOO FKRRVH WKH VHW WKDW PD[LPL]HV
KLV XWLOLW\￿ ,Q WKH DEVHQFH RI DQ\ DGGLWLRQDO FRQVWUDLQWV RQ ı3,￿ ZH VKRZ WKDW WKH SULQFLSDO FDQ
DOZD\V GHVLJQ D FRQWUDFW WKDW LPSOHPHQWV D XQLTXH HTXLOLEULXP LQ ZKLFK Q PDQDJHUV VLJQ DQG ZRUN
DW OHDVW￿FRVW￿ 7KH SULQFLSDO ZLOO RSWLPDOO\ VHOHFW VXFK D FRQWUDFW￿ ,Q WKH IROORZLQJ VXEVHFWLRQæ ZH
ZLOO UH￿H[DPLQH WKLV LVVXH ZKHQ WKH SULQFLSDO LV FRQVWUDLQHG WR VHOHFW FRQWUDFWV WKDW UHqHFW OLPLWHG
OLDELOLW\ RQ WKH SDUW RI PDQDJHUV￿
7KHRUHP Ø￿ ı8QLTXHQHVV￿ : LWKLQ WKH VHW RI FRQWUDFWV WKDW VROYH ı3,￿ IRU D p[HG VPDOO QæW K H U H
DOZD\V H[LVWV D FRQWUDFW VXFK WKDW WKH HTXLOLEULXP LV XQLTXH DQG Q PDQDJHUV ZLOO VLJQ DQG ZRUN￿
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&RQVLGHU D FRQWUDFW ZKHUH HDFK PDQDJHU UHFHLYHV WKH IUDFWLRQ ’
c RI WKH HQG RI SHULRG pUP YDOXH
DQG SD\V DQ DPRXQW WR ıRU UHFHLYHV DQ DPRXQW IURP￿ WKH SULQFLSDO￿ 7KLV FRQWUDFW JXDUDQWHHV
VDWLVIDFWLRQ RI WKH LQHTXDOLW\ LQ ı￿￿￿ L￿H￿æ HYHU\ PDQDJHU ZKR VLJQV ZLOO SUHIHU WR ZRUN￿ *LYHQ D
￿￿WUDQVIHU EHWZHHQ WKH SULQFLSDO DQG HDFK DJHQW RI WKH GLoHUHQFH
’
c
ı$ ￿ Qc￿ b ı5 ￿ ’￿￿
Q PDQDJHUV ZLOO VLJQ￿￿￿
7KH SDUWLFXODU FRQWUDFW FRQVWUXFWHG LQ WKH SURRI RI 7KHRUHP Ø JDYH HDFK PDQDJHU WKH
IUDFWLRQ ’
c RI pUP YDOXH FRXSOHG ZLWK D WUDQVIHU SD\PHQW￿ 0RUH JHQHUDOO\æ WKH IUDFWLRQ FRXOG
GHSHQG RQ WKH UHDOL]HG pUP YDOXH￿
&RUROODU\ ￿ª ı&RQFDYLW\ DQG 8QLTXHQHVV￿ : KHQHYHU XQGHU D FRQWUDFW WKDW VROYHV ı3,￿
HDFK PDQDJHU￿V SD\Ro LV HYHU\ZKHUH FRQFDYH LQ pUP YDOXH IRU DOO YDOXHV RI WKH pUP H[FHHGLQJ WKH
OLTXLGDWLRQ YDOXH RI WKH DVVHWV￿LQ￿SODFH DQG Q LV VPDOOæ WKHQ WKH 1DVK HTXLOLEULXP LQ ZKLFK DOO
PDQDJHUV ZRUN LV WKH XQLTXH HTXLOLEULXP XQGHU WKH FRQWUDFW￿
3URRIª $Q\ FRQWUDFW WKDW LV D VROXWLRQ WR ı3,￿ PXVW VDWLVI\ WKH HoRUW FRQVWUDLQW￿ *LYHQ VXFK D
FRQWUDFWæ LI HDFK PDQDJHU L￿V SD\Ro LV HYHU\ZKHUH FRQFDYH LQ pUP YDOXH IRU DOO pUP YDOXHV H[FHHGLQJ
$æ WKHQ WKH LQHTXDOLW\ LQ ı￿￿ PXVW EH VDWLVpHG￿ +HQFH ZRUNLQJ LV D GRPLQDQW VWUDWHJ\ LUUHVSHFWLYH
RI RQH￿V EHOLHIV DERXW WKH DFWLRQV RI RWKHUV￿
:H QRZ WXUQ WR WKH TXHVWLRQ RI WKH XQLTXHQHVV RI WKH HTXLOLEULXP XQGHU FRQWUDFWV WKDW VROYH
ı3,￿ ZKHQ WKRVH FRQWUDFWV DUH FRQVWUDLQHG E\ OLPLWHG OLDELOLW\ RQ WKH SDUW RI PDQDJHUV￿￿º
￿￿ 6XSSRVH WKHUH LV VRPH SRVVLELOLW\ WKDW OHVV WKDQ Qb￿ RWKHU PDQDJHUV VLJQæ VD\æ EHFDXVH WKH\
KDSSHQ WR UHVROYH WKHLU LQGLoHUHQFH E\ QRW VLJQLQJ￿ *LYHQ D WUDQVIHU RI VL]H ’
c ı$￿Qc￿bı5￿’￿æ
HYHU\ SRWHQWLDO PDQDJHU ZLOO VWULFWO\ SUHIHU QRW WR VLJQ￿ $OWHUQDWHO\ VXSSRVH WKDW WKHUH LV VRPH
FKDQFH WKDW D PDQDJHU ZLOO VXoHU D KHDUW DWWDFN DIWHU VLJQLQJ EXW EHIRUH ZRUNLQJ￿ $JDLQæ JLYHQ D
WUDQVIHU RI VL]H ’
c ı$￿Qc￿bı5￿’￿æ HYHU\ SRWHQWLDO PDQDJHU ZLOO VWULFWO\ SUHIHU QRW WR VLJQ￿ 7KLV
FRQFHUQ FDQ EH RYHUFRPH E\ LQFOXGLQJ LQ WKH FRQWUDFWXDO WHUPVæ nLæ WKH QXPEHU RI PDQDJHUV ZKR
VLJQ DQG VXUYLYH￿ /HW V GHQRWH WKLV QXPEHU￿ $ WUDQVIHU RI
’
c
ı$ ￿ Vc￿ b ı5 ￿ ’￿
ZLOO HQVXUH WKDW HDFK PDQDJHU LV LQGLoHUHQW WR VLJQLQJ LUUHVSHFWLYH RI WKH SDUWLFLSDWLRQ GHFLVLRQV
DQG VXUYLYDO RI RWKHUV￿
￿º 7KH OLQN EHWZHHQ PDQDJHULDO OLPLWHG OLDELOLW\ DQG SRVVLELOLW\ RI PXOWLSOH HTXLOLEULD LV TXLWH
GLVWLQFW IURP WKH LVVXHV RI LPSOHPHQWDWLRQ RI pUVW￿EHVW HoRUW OHYHOV JLYHQ OLPLWHG OLDELOLW\ DQG D
VLQJOH DJHQW WKDW DUH H[DPLQHG LQ 6DSSLQJWRQ ı￿￿￿Œ￿æ .LP ı￿￿￿￿￿ DQG ,QQHV ı￿￿￿￿￿￿
º￿Ł￿º 8QLTXHQHVV ZKHQ PDQDJHUV KDYH OLPLWHG OLDELOLW\
:KHQHYHU WKH FRQWUDFW FRQVLGHUHG LQ WKH XQLTXHQHVV SURRI RI 7KHRUHP Ø LQYROYHV D WUDQVIHU
IURP WKH PDQDJHU WR WKH SULQFLSDOæ LW ZLOO EH UXOHG RXW LI FRPSHQVDWLRQ FRQWUDFWV DUH FRQVWUDLQHG
WR UHqHFW PDQDJHULDO OLPLWHG OLDELOLW\￿
7KHRUHP Ł￿ ı8QLTXHQHVV ZKHQ 0DQDJHUV KDYH /LPLWHG /LDELOLW\￿ )RU p[HG VPDOO QæW K H U H
H[LVWV D FRQWUDFW WKDW VROYHV ı3,￿æ VDWLVpHV OLPLWHG OLDELOLW\æ DQG LPSOHPHQWV D XQLTXH HTXLOLEULXP
LQ ZKLFK DOO Q PDQDJHUV VLJQ DQG ZRUN LI DQG RQO\ LI QÆ5￿’
’ ￿
3URRIª )RU ZRUNLQJ WR EH D GRPLQDQW VWUDWHJ\ LUUHVSHFWLYH RI WKH QXPEHU RI RWKHU PDQDJHUV ZKR
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1RWH WKDW ZKHQ QÆ5￿’
’ D FRQWUDFW RI WKH IRUP FRQVLGHUHG LQ WKH SURRI RI 7KHRUHP Ø QHYHU
LQYROYHV D WUDQVIHU IURP WKH PDQDJHU WR WKH SULQFLSDO￿ ,W IROORZV LPPHGLDWHO\ IURP 7KHRUHP Ł WKDW
ZKHQ P y 5￿’
’ æ WKH SULQFLSDO LV DFWLYH DQG PDQDJHUV HQMR\ OLPLWHG OLDELOLW\æ WKHQ LW LV LPSRVVLEOH
WR GHVLJQ D OHDVW￿FRVW FRQWUDFW VXFK WKDW Qe SURMHFWV DUH FHUWDLQ WR EH XQGHUWDNHQ￿ )DFHG ZLWK
P y 5￿’
’ DQG PDQDJHULDO OLPLWHG OLDELOLW\æ WKH SULQFLSDO KDV WKUHH FKRLFHVª
L￿ $WWHPSW WR XQGHUWDNH Qe SURMHFWV E\ RoHULQJ D FRQWUDFW WKDW VROYHV ı3,￿ DQG LV DVVRFLDWHG
ZLWK PXOWLSOH HTXLOLEULD ıRQH RI ZKLFK LV WKDW QR PDQDJHUV ZLOO VLJQ￿￿
º￿LL￿ 8QGHUWDNH RQO\ 5￿’
’ ÆQ e SURMHFWV XVLQJ D FRQWUDFW WKDW HQVXUHV D XQLTXH HTXLOLEULXP ZLWK
OHDVW￿FRVW PDQDJHULDO FRPSHQVDWLRQ￿ RU
LLL￿ 8QGHUWDNH PRUH WKDQ 5￿’
’ SURMHFWVæ EXW SD\ WKH PDQDJHUV VXrFLHQWO\ PRUH WKDQ OHDVW￿FRVW
WKDW D XQLTXH HTXLOLEULXP LQ ZKLFK DOO PDQDJHUV ZRUN FDQ EH HQVXUHG￿
7KH RSWLPDO FKRLFH DPRQJ WKHVH WKUHH SRVVLELOLWLHV UHPDLQV DQ RSHQ TXHVWLRQ￿ &KRLFH ıL￿ LV SUHIHUUHG
E\ WKH SULQFLSDO LI DOO PDQDJHUV DOZD\V FRQMHFWXUH WKDW DOO RWKHU PDQDJHUV ZRUN￿ 6XFK D VHW
RI FRQMHFWXUHV PDNHV IRU D PRUH YDOXDEOH pUP￿ 6HH .UHSV ı￿￿￿￿￿ IRU D JHQHUDO DQDO\VLV RI WKH
HFRQRPLFV RI ?FRUSRUDWH FXOWXUHß￿
&RQWUDFWV FRQVLVWHQW ZLWK SRVVLELOLWLHV L￿æ LL￿ DQG LLL￿ DUH GHSLFWHG LQ )LJXUHV Ł%æ Ł& DQG Ł’
UHVSHFWLYHO\￿ )LJXUH Ł LOOXVWUDWHV D VHWWLQJ ZKHUH P!c
’   Qe￿ )LJXUH Ł$ GHSLFWV WKH FRQWUDFW XVHG
LQ WKH SURRI RI 7KHRUHP Ø￿ 7KLV FRQWUDFW LQYROYHV D WUDQVIHU IURP WKH PDQDJHU WR WKH SULQFLSDOæ DQG
KHQFH YLRODWHV OLPLWHG OLDELOLW\￿ )LJXUH Ł% GHSLFWV D OLPLWHG￿OLDELOLW\ FRQWUDFW DVVRFLDWHG ZLWK WZR
HTXLOLEULDª ,Q RQHæ Qe PDQDJHUV VLJQ DQG ZRUN DW OHDVW￿FRVW￿ LQ WKH RWKHUæ QR RQH VLJQV￿ )LJXUH Ł&
GHSLFWV OLPLWHG￿OLDELOLW\ FRQWUDFWXDO SD\RoV FRQVLVWHQW ZLWK KLULQJ WKH PD[LPXP SRVVLEOH QXPEHU
RI PDQDJHUV WKDW LW LV SRVVLEOH WR KLUH DW OHDVW￿FRVW DQG VWLOO HQVXUH D XQLTXH HTXLOLEULXP LQ ZKLFK DOO
PDQDJHUV ZRUN￿ 7KDW PD[LPXP QXPEHU LV 5￿’
’ ￿ )LJXUH Ł’ GHSLFWV OLPLWHG￿OLDELOLW\ FRQWUDFWXDO
SD\RoV FRQVLVWHQW ZLWK KLULQJ PRUH WKDQ 5￿’
’ PDQDJHUV DW JUHDWHU WKDQ OHDVW￿FRVW DQG EHLQJ DVVXUHG
WKDW DOO PDQDJHUV ZLOO ZRUN￿ )LJXUH Ł’ PDNHV FOHDU WKDW LI Qe PDQDJHUV ZHUH WR EH KLUHG XQGHU D
OLPLWHG￿OLDELOLW\ FRQWUDFW DVVRFLDWHG ZLWK D XQLTXH HTXLOLEULXP LQ ZKLFK DOO PDQDJHUV ZRUNHGæ WKHQ
HDFK PDQDJHU ZRXOG KDYH WR UHFHLYH FRPSHQVDWLRQ RI c￿ 7KH SULQFLSDO ZRXOG FOHDUO\ EH EHWWHU Ro
ZLWKæ VD\æ WKH VPDOOHU QXPEHU RI PDQDJHUV KLUHG XQGHU WKH FRQWUDFW GHSLFWHG LQ )LJXUH Ł&￿ 6XSSRVH
WKH SULQFLSDO ZLVKHG WR GHWHUPLQH RSWLPDO pUP VL]H FRQGLWLRQDO RQ KLV RoHULQJ RQO\ OLPLWHG￿OLDELOLW\
FRQWUDFWV DVVRFLDWHG ZLWK XQLTXH HTXLOLEULD LQ ZKLFK DOO PDQDJHUV ZRUN￿ 7KH SULQFLSDO ZRXOG WKHQ
VROYHª
PD[
Q $ ￿ Qıc b PD[>5 ￿ ’￿Q’@￿





















ºº￿￿ 9HULpDELOLW\æ 8QFHUWDLQW\ DQG 5LVN $YHUVLRQ
2XU ERXQG RQ pUP VL]H UHqHFWV WKH ODFN RI YHULpDELOLW\ RI HoRUW DQG DQ DFWLYH SULQFLSDO￿
,Q GHULYLQJ WKLV ERXQG ZH DVVXPHG WKDW pUP YDOXH ZDV YHULpDEOHæ WKDW RXWSXW FRQGLWLRQDO RQ WKH
HoRUW FKRLFH ZDV FHUWDLQæ DQG WKDW PDQDJHUV ZHUH ULVN￿QHXWUDO￿ ,Q WKLV VHFWLRQ ZH VKRZ WKDW RXU
EDVLF UHVXOW RQ pUP VL]H LV XQFKDQJHG ZKHQ HDFK RI WKHVH DVVXPSWLRQV LV UHOD[HG￿
(YHQ WKRXJK HoRUW LV QRW YHULpDEOHæ ZH KDYH DVVXPHG WKDW DJJUHJDWH pUP YDOXH LV￿ :KDW LIæ
VD\ EHFDXVH WKH pUPV￿ VWRFN LV QRW WUDGHGæ pUP YDOXH FDQ QRW EH YHULpHG" 5HFDOO WKDW RXU UHVXOWV
RQ pUP VL]H ZHUH XQFKDQJHG ZKHQ PDQDJHULDO FRQWUDFWV ZHUH UHVWULFWHG WR ZDJH￿HTXLW\￿RSWLRQV
FRQWUDFWV￿ :DJHV DUH GHEW￿OLNH FODLPV ZKHUH WKH PDQDJHUV ZLOO DFTXLUH WKH pUP LQ WKH HYHQW RI
D GHIDXOW￿ ’HIDXOW LV YHULpDEOHæ DQG WKH FRQWUDFW FDQ EH HQIRUFHG HYHQ ZKHQ pUP YDOXH LWVHOI LV
QRW_VHHæ H￿J￿æ *DOH DQG +HOOZLJ ı￿￿￿Ł￿￿ (TXLW\ DQG RSWLRQV RQ HTXLW\ UHTXLUH RQO\ WKDW UHODWLYHæ
QRW DEVROXWHæ YDOXHV EH YHULpDEOH￿ ,Q SDUWLFXODUæ VR ORQJ DV WKH SULQFLSDO PXVW SD\ WKH VDPH
GLYLGHQGV SHU VKDUH RQ WKH VWRFN KHOG E\ WKH PDQDJHUV DV RQ WKH VWRFN UHWDLQHG E\ WKH SULQFLSDOæ
WKH LPSOHPHQWDWLRQ RI ZDJH￿HTXLW\￿RSWLRQV FRQWUDFWV UHTXLUHV RQO\ WKDW pUP YDOXH EH REVHUYDEOH￿
7KH PDQDJHUV GR QHHG WR REVHUYH pUP YDOXH LQ RUGHU WR PDNH WKHLU RSWLRQ H[HUFLVH GHFLVLRQV￿
1RZ VXSSRVH WKDWæ FRQGLWLRQDO RQ WKH HoRUW FKRLFHæ RXWSXW LV QRW SHUIHFWO\ FHUWDLQ￿ *LYHQ
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ZKHUH WKH WLOGH GHQRWHV WKDW RXWSXWæ DQG KHQFH WKH PDQDJHUV￿ FRPSHQVDWLRQæ LV XQFHUWDLQ JLYHQ










p p p p p
Q ;
M ￿
HM   Q
￿
$ b H &
￿
#nL
p p p p p
Q ;
M ￿







)URP WKH LQHTXDOLW\ FRQVWUDLQW WKDW WKH SULQFLSDO￿V SD\Ro PXVW EH QRQ￿GHFUHDVLQJ LQ pUP YDOXHæ








p p p p p
Q ;
M ￿
HM   N
￿
$ b H &
￿
#nL
p p p p p
Q ;
M ￿










)LUP VL]H LV ERXQGHG E\ WKH PDQDJHUV￿ H[SHFWHG SURGXFWLYLW\￿
)LQDOO\æ VXSSRVH WKDW PDQDJHUV DUH ULVN DYHUVH" )RU VLPSOLFLW\ RQO\æ DVVXPH WKDW RXWSXW
FRQGLWLRQDO RQ WKH PDQDJHUV￿ HoRUW FKRLFHV LV SHUIHFWO\ FHUWDLQ DQG WKDW HDFK PDQDJHU￿V XWLOLW\
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$ ￿ L  ￿ ￿ªªª￿Qª
:LWKRXW ORVV RI JHQHUDOLW\ ZH FDQ DVVXPH WKDW DOO PDQDJHUV DUH KLUHG XQGHU FRQWUDFWV ZLWK LGHQWLFDO
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ºØ)LUP VL]H LV ERXQGHG E\ D PHDVXUH RI WKH PDUJLQDO XWLOLW\ HDFK PDQDJHU ZRXOG GHULYH IURP FRQ￿
VXPLQJ KHU RXWSXW UHODWLYH WR WKH GLVXWLOLW\ RI FUHDWLQJ LW￿ ı:KHQ PDQDJHUV DUH ULVN QHXWUDOæ WKH
GLVXWLOLW\ RI HoRUW FDQ EH DSSURSULDWHO\ GHpQHG LQ XQLWV RI PDUJLQDO XWLOLW\ RI FRQVXPSWLRQ VXFK
WKDW 8￿  ￿￿￿
￿￿ &RQFOXVLRQV
7KH FODVVLF %HUOH DQG 0HDQV ı￿￿Œº￿ DJHQF\ SUREOHP DULVHV EHFDXVH D JURZLQJ EXW FDVK
FRQVWUDLQHG pUP UHTXLUHV PRUH RZQHUV WR SURYLGH FDSLWDO LQSXWV￿ :H FRQVLGHU WKH DJHQF\ SUREOHP
WKDW DULVHV ZKHQ DQ HQWUHSUHQHXU KDV SOHQW\ RI FDVK WR DFTXLUH DQ\ FDSLWDO LQSXWV QHFHVVDU\ IRU
WKH pUP￿V JURZWKæ EXW QHHGV PRUH PDQDJHULDO ODERU LQSXWV￿ (YHQ LI WKH Q PDQDJHUV ZHUH WR
SXUFKDVH WKH pUP IURP WKH SULQFLSDOæ DQ DJHQF\ SUREOHP ZRXOG VWLOO H[LVW ZLWKLQ WKH PDQDJHPHQW
WHDP￿ +ROPVWURP ı￿￿￿º￿ VKRZV WKDW HPSOR\LQJ D SULQFLSDO WR DFW SXUHO\ DV D EXGJHW￿EUHDNHU FDQ
OHDG HDFK PDQDJHU WR H[HUW WKH pUVW￿EHVW OHYHO RI HoRUW￿ %XW ZKHQ WKH SULQFLSDO FDQ UHQHJRWLDWH
ZLWK LQGLYLGXDO PDQDJHUV WR UHGXFH RXWSXWæ WKH LQWURGXFWLRQ RI DQ DFWLYH SULQFLSDO PHUHO\ VKLIWV
WKH PRUDO KD]DUG SUREOHP IURP WKH WHDP WR WKH SULQFLSDO￿ :H KDYH VKRZQ WKDW JLYHQ DQ DFWLYH
SULQFLSDOæ pUP VL]H LV OLPLWHG LQ WKH VDPH ZD\ WKDW WHDP VL]H LV OLPLWHG LQ WKH DEVHQFH RI D SULQFLSDO￿￿Œ
1HLWKHU D pUP ZLWK DQ DFWLYH SULQFLSDO QRU D SDUWQHUVKLS FDQ EH ODUJHU WKHQ D QDWXUDO PHDVXUH
RI PDQDJHULDO SURGXFWLYLW\￿ 7KDW PHDVXUH LV WKH UDWLR RI D PDQDJHU￿V PDUJLQDO XWLOLW\ IURP WKH
FRQVXPSWLRQ RI KHU RXWSXW WR KHU GLVXWLOLW\ RI HoRUW￿
2XU IRFXV RQ WKH OLPLWV WR LQWHJUDWLRQ PHDQV WKDW ZH WDNH DV JLYHQ WKH EHQHpWV RI FRPELQLQJ
SURMHFWV ZLWKLQ D pUP￿ 7KH FRVW RI DQ DJHQF\￿UHODWHG OLPLW WR pUP VL]H GHSHQGV RQ WKH QDWXUH
RI WKHVH EHQHpWV￿ 6XSSRVHæ DV LQ *URVVPDQ DQG +DUW ı￿￿￿￿￿æ WKH RSWLPDO DOORFDWLRQ RI UHVLGXDO
RZQHUVKLS ULJKWV SUHFOXGHV FRPELQLQJ WKH DVVHWV￿LQ￿SODFH ZLWK PDQDJHULDO HoRUW E\ FRQWUDFWV DFURVV
pUPV￿ &RQVLGHU D SULQFLSDO ZLWK SURSHUW\ ULJKWV WR D VHW RI P!Q e SURMHFWV￿ 7KH FRVW WR VRFLHW\ RI
D OLPLW RQ pUP VL]H LV WKH FRVW RI GXSOLFDWLQJ WKH QHFHVVDU\ DVVHWV￿LQ￿SODFH LQ D VHFRQG pUP￿ 7KH FRVW
WR WKH SULQFLSDO PD\ EH KLJKHU VWLOO LI WKH SULQFLSDO FDQ QRW UHSOLFDWH WKH QHFHVVDU\ DVVHWV￿LQ￿SODFH DW
￿Œ )RU D GHWDLOHG DQDO\VLV RI WKH HrFLHQF\ RI SDUWQHUVKLSV VHH /HJURV DQG 0DWWKHZV ı￿￿￿Œ￿￿
ºŁWKH VDPH FRVW DV D SRWHQWLDO SXUFKDVHU RI WKRVH ULJKWV FDQ￿ $ FRUSRUDWH VSLQ￿Ro FDQ EH LQWHUSUHWHG
DV WKH RSWLPDO VDOH RI WKH H[FHVV P b Qe SURMHFWV￿
,Q D FRPSDQLRQ SDSHU ZH UH￿H[DPLQH WKH LVVXH RI RSWLPDO FRQWUDFWLQJ DQG pUP VL]H ZKHQ
SURMHFWV DUH ORQJ￿OLYHG LQ WKH VHQVH WKDW WKHLU LPSOHPHQWDWLRQ FDQ EH GHOD\HG IRU VRPH WLPH￿ &RQ￿
VLGHU D ORQJ￿OLYHG SURMHFW ZLWK D PDQDJHU ZKR LV YHVWHG LQ HTXLW\ DQG RSWLRQV￿ +HU YLHZ RI ZKDW
VKH DGGV WR WKH pUP E\ EHDULQJ WKH GLVXWLOLW\ RI HoRUW LV QRW c￿ 6KH UHFRJQL]HV WKDWæ LI VKH VKLUNV
DQG WKH SURMHFW LV GHOD\HGæ WKHQ D UHSODFHPHQW PDQDJHU FDQ EH KLUHG￿ +HU YHVWHG HTXLW\ DQG￿RU
RSWLRQV DOORZ KHU WR IUHH￿ULGH RQ KHU UHSODFHPHQW￿V HoRUWV￿ 6KH UHDVRQV WKDW ZKDW VKH DGGV WR WKH
pUP E\ ZRUNLQJ LV RQO\ DQ\ H[FHVV RI c RYHU DQG DERYH ZKDW D UHSODFHPHQW ZRXOG DGG￿ $ YHVWHG
PDQDJHU￿V SHUFHSWLRQ WKDW KHU RZQ SURGXFWLYLW\ LVæ LQ HoHFWæ ORZHU ZKHQ SURMHFWV FDQ EH GHOD\HG
FDQ WKHQ PDNH IRU DQ HYHQ WLJKWHU ERXQG RQ pUP VL]H￿ :H VKRZ WKDW ZKHQ SURMHFWV DUH ORQJ￿OLYHGæ
DQ RSWLPDO FRQWUDFW LV VXFK WKDW WKH PDQDJHU LV QRW LPPHGLDWHO\ IXOO\ YHVWHG￿ 2SWLPDO FRQWUDFWV
LQYROYH ERWK HQWUHQFKPHQW DQG WKH GHIHUUDO RI FRPSHQVDWLRQ￿ (QWUHQFKPHQW PDNHV WKH SURPLVH
RI GHIHUUHG FRPSHQVDWLRQ FUHGLEOH￿ ’HIHUUDO UHPRYHV WKH SRVVLELOLW\ RI IUHH￿ULGLQJ RQ RQH￿V UHSODFH￿
PHQW￿ :KLOH UHVLJQLQJ GRHV DOORZ D UHSODFHPHQW PDQDJHU WR EH KLUHGæ LW DOVR PHDQV WKH IRUIHLWXUH
RI DQ\ QRQYHVWHG FODLPV RQ RXWSXW￿ $ PDQDJHU KLUHG XQGHU DQ RSWLPDO FRQWUDFW ZLOO WKHQ YLHZ KHU
SURGXFWLYLW\ FRUUHFWO\￿ L￿H￿æ DV c
’￿ 7KXVæ XQGHU DQ RSWLPDO FRQWUDFWæ WKH pUP LV DEOH WR KLUH DQG
PRWLYDWH c
’ PDQDJHUV HYHQ ZKHQ SURMHFWV DUH ORQJ￿OLYHG￿
:H EHJDQ E\ QRWLQJ WKH SRWHQWLDO IRU PRUDO KD]DUG RQ WKH SDUW RI WKH SULQFLSDO ZKHQ
PDQDJHUV DUH KLUHG XQGHU ERQXV FRQWUDFWV￿ 7KLV GRHV QRW PHDQ WKDW WKH REVHUYHG XVH RI ERQXV
FRQWUDFWV LQ SUDFWLFH LV DQRPDORXV￿ :KHQ RXWSXW LV OXPS\æ D ERQXV FRQWUDFW QHHG QRW LPSO\ WKDW
WKH SULQFLSDO KDV DQ LQFHQWLYH WR UHGXFH RXWSXW￿ &RQVLGHU DJDLQ D FRQWUDFW WKDW SD\V HDFK PDQDJHU
Dp [ H GD P R X Q W æ) x 5æ DQG D ERQXV RI ’￿5b) LQ WKH HYHQW WKDW pUP YDOXH LV $￿QcR UP R U H ￿
3D\LQJ RQH PDQDJHU D EULEH RI 5 b ) QRW WR ZRUN ZLOO RQO\ PDNH WKH SULQFLSDO EHWWHU Ro LI WKH
DJJUHJDWH VDYLQJ LQ ERQXV SD\PHQWV OHVV WKH FRVW RI WKH EULEHæ Qı’ ￿ 5 b )￿￿ı 5 b )￿æ H[FHHGV
WKH IRUJRQH RXWSXWæ c￿ $ ERQXV FRQWUDFW FDQ EH XVHG WR PRWLYDWH PDQDJHUV ZLWKRXW FUHDWLQJ DQ
º￿LQFHQWLYH IRU PRUDO KD]DUG RQ WKH SULQFLSDO￿V SDUW ZKHQHYHU WKH QXPEHU RI PDQDJHUV VDWLVpHVª
Q x
c￿5 b )
’ ￿ 5 b )
ª ı￿￿￿




3 U R R IR I/ H P P D￿ ª
:KHQ :  
$ ￿ıQb￿￿c
Q DQG o   ’
c æ WKH HoRUW FRQVWUDLQW LV MXVW VDWLVpHG￿ 2XU UHSUHVHQWDWLYH
PDQDJHU UHFHLYHV WKH SURPLVHG ZDJH ZKHWKHU VKH ZRUNV RU QRWæ DQG HoRUW PXVW EH LQGXFHG E\
WKH HTXLW\ VKDUH￿ 7KH HTXLW\ VKDUH ’
c RI WKH LQFUHPHQW WR HTXLW\ YDOXH LI VKH DOVR ZRUNVæ cæ MXVW







LQWXLWLRQ IRU WKH RSWLRQV FDVHæ :Æ￿ LV DV IROORZV￿ )URP WKH SRLQW RI YLHZ RI RXU UHSUHVHQWDWLYH
PDQDJHU DQ HTXLW\ VKDUH LQ H[FKDQJH IRU WKH VWULNH SULFH LV D FODLP RQ WZR FRPSRQHQWV RI pUP
YDOXH￿ 7KH pUVW FRPSRQHQW FRQVLVWV RI WKH DVVHWV￿LQ￿SODFH SOXV WKH c￿VL]HG LQFUHPHQWV WR YDOXH
DGGHG E\ HDFK PDQDJHU ZKR ZRUNV￿ 7KH VHFRQG FRPSRQHQW FRQVLVWV RI WKH FDVK SDLG LQ E\ HDFK
PDQDJHU H[HUFLVLQJ KHU RSWLRQV￿ :KHQ Q LV ODUJH ıL￿H￿æ Q!c
’￿D Q Go y ’
c WKHQ o d Q!￿￿ ,Q
WKLV FDVHæ WKH YDOXH RI WKH PDQDJHU￿V VKDUH RI WKH VHFRQG FRPSRQHQW LV VXrFLHQW WR LQGXFH H[HUFLVHª
7KH PDQDJHU SD\V : WR UHFHLYH WKH VKDUH o RI WKH Q d : SDLG LQWR WKH pUP￿ 7KH PDQDJHU DOVR
KDV D FODLP RQ WKH DVVHWV￿LQ￿SODFH SOXV WKH SURMHFWV￿ SD\RoV￿ ,W LV WKH HoHFW RQ WKH YDOXH RI WKLV
FODLP WKDW GHWHUPLQHV WKH UHSUHVHQWDWLYH PDQDJHU￿V HoRUW FKRLFH￿ $ FODLP RQ ’
c RI WKH DGGLWLRQ WR
HTXLW\ YDOXH LI VKH ZRUNV ZLOO FRPSHQVDWH KHU IRU WKH GLVXWLOLW\ RI HoRUW￿
)LQDOO\ FRQVLGHU YDOXHV RI : JUHDWHU WKDQ
$ ￿ıQb￿￿c
Q ￿ )RU VXFK KLJK SURPLVHG ZDJHVæ WKH
UHDOL]HG ZDJH ZLOO EH HoRUW￿VHQVLWLYH￿ 6R ORQJ DV :Æ$
Q ￿cW K HS U R P L V H GZ D J HF D QE HS D L GL QI X O O
SURYLGHG WKH PDQDJHU ZRUNVª 7KH pUP￿V WRWDO ZDJH ELOO LV Q: DQG WKH DVVHWV ZKHQ DOO PDQDJHUV
ZRUN DUH $ ￿ Qc￿ ,I VKH GRHV QRW ZRUNæ VKH UHFHLYHV
$ ￿ıQb￿￿c
Q ￿ $V GHSLFWHG LQ )LJXUH ￿ WKH HoRUW
FRQVWUDLQW LQ WKLV UDQJH LV XSZDUG￿VORSLQJ￿ )RU ODUJH Q D PDQDJHU ZKR ZRUNV ZLOO pQG WKDW DQ
LQFUHDVH LQ KHU ZDJH ZLOO OHDG WR D GHFOLQH LQ WKH YDOXH RI KHU HTXLW\ VKDUH WKDW H[FHHGV WKH ZDJH
LQFUHDVH￿ +HU FRPSHQVDWLRQ LI VKH VKLUNV ZLOO VWLOO EH
$ ￿ıQb￿￿c
Q ￿ 7KHUHIRUHæ LI WKH HoRUW FRQVWUDLQW
LV WR EH VDWLVpHGæ KHU HTXLW\ VKDUH PXVW EH LQFUHDVHG DORQJ ZLWK WKH LQFUHDVH LQ ZDJHV￿
º￿3 U R R IR I/ H P P Dº ª
7KH HoRUW FRQVWUDLQW IRU WKH FDVH : y ￿ LV VWUDLJKWIRUZDUG DQG LV GLVFXVVHG LQ WKH PDLQ
WH[W￿ 7KH FDVH :Æ￿ ıL￿H￿æ DQ RSWLRQV SDFNDJH￿ LV PRUH LQYROYHG￿ )RU DQ RSWLRQV SDFNDJH WKH
PDQDJHU￿V SD\Ro VKRXOG VKH VKLUN LV WKH PD[LPXP RI WKH SD\Ro WR H[HUFLVLQJ WKH RSWLRQ DQG WKH
SD\Ro WR QRW H[HUFLVLQJ￿ 6KH ZLOO ZRUN LI ZRUNLQJ DQG H[HUFLVLQJ GRPLQDWHV WKH SD\Ro WR VKLUNLQJ￿
7KLV FRXOG EH VDWLVpHG LQ HLWKHU RI WZR ZD\V￿ )LUVW ZRUNLQJ DQG H[HUFLVLQJ FRXOG GRPLQDWH VKLUNLQJ
DQG RSWLPDOO\ QRW H[HUFLVLQJª
: ￿ o>$ ￿ Qc b Q:@ b ’ y ￿ y : ￿ o>$ ￿ı Q b ￿￿c b Q:@ª ı$￿￿
$OWHUQDWHO\æ ZRUNLQJ DQG H[HUFLVLQJ FRXOG GRPLQDWH VKLUNLQJ DQG RSWLPDOO\ H[HUFLVLQJª
: ￿ o>$ ￿ Qc b Q:@ b ’ y : ￿ o>$ ￿ı Q b ￿￿c b Q:@ y ￿ª ı$º￿
)RU D JLYHQ : ZH pUVW GHWHUPLQH WKH VHW RI o YDOXHV WKDW ZLOO ERWK LQGXFH HoRUW DQG PDNH LW
VXERSWLPDO WR H[HUFLVH WKH RSWLRQ VKRXOG WKH PDQDJHU VKLUN￿ L￿H￿æ WKDW VDWLVI\ ERWK LQHTXDOLWLHV RI
ı$￿￿￿ :H WKHQ GHWHUPLQH WKH VHW RI o YDOXHV WKDW ZLOO ERWK LQGXFH HoRUW DQG PDNH LW RSWLPDO WR
H[HUFLVH WKH RSWLRQ VKRXOG WKH PDQDJHU VKLUN￿ L￿H￿æ WKDW VDWLVI\ ERWK LQHTXDOLWLHV RI ı$º￿￿ )RU WKH
JLYHQ : YDOXHæ WKH HoRUW FRQVWUDLQW LV GHWHUPLQHG E\ WKH VPDOOHVW YDOXH RI o WKDW LV FRQWDLQHG LQ
HLWKHU RI WKHVH WZR VHWV￿
)RU : º >b
’ı$ ￿ıQb￿￿c ￿
c bQ’ ￿￿@ DQG Q VPDOOæ WKH VHW RI o YDOXHV VDWLVI\LQJ ı$￿￿ LV WKH QXOO
VHWæ ZKLOH ı$º￿ LV VDWLVpHG IRU DOO o y ’
c ￿ +HQFH ZH KDYH WKH qDW SRUWLRQ RI WKH HoRUW FRQ￿
VWUDLQW DSSOLFDEOH ZKHQ FRPSHQVDWLRQ WDNHV WKH IRUP RI DQ RSWLRQ￿ )RU :Æb
’ı$ ￿ıQb￿￿c ￿
c bQ’ DQG Q
VPDOOæ WKH VHW RI o YDOXHV VDWLVI\LQJ ı$￿￿ FRQVLVWV RI DOO o º > ’b:
$ ￿Qc bQ: ￿ b:
$ ￿ıQb￿￿c bQ: @￿ 1RWH WKDW
’b:
$ ￿Qc bQ: Æ b:
$ ￿ıQb￿￿c bQ: ￿7 K HV H WR Io YDOXHV VDWLVI\LQJ ı$º￿ FRQVLVWV RI DOO o y b:
$ ￿ıQb￿￿c bQ: ￿
+HQFH WKH VPDOOHVW o WKDW ZLOO LQGXFH HoRUW LV o   ’b:
$ ￿Qc bQ: æ DQG ZH KDYH WKH QHJDWLYHO\ VORSHG
SRUWLRQ RI WKH HoRUW FRQVWUDLQW DSSOLFDEOH ZKHQ FRPSHQVDWLRQ WDNHV WKH IRUP RI DQ RSWLRQ￿
º￿3 U R R IR I/ H P P DŒ ª
5HFDOO WKDW WKH SDUWLFLSDWLRQ FRQVWUDLQW LVª
o y
5 ￿ ’ b :
$ ￿ Qc b :
ª ı$Œ￿
7KH VORSLQJ VHFWLRQV RI WKH HoRUW FRQVWUDLQW LQ )LJXUH º FRUUHVSRQG WR ZDJH OHYHOV VXFK WKDW : LV
HLWKHU OHVV WKDQ b
’ı$ ￿ıQb￿￿c ￿





c bQ’ æ WKH HoRUW FRQVWUDLQW LVª
o y
’ b :
$ ￿ Qc b Q:
ª ı$Ø￿
7KH ULJKWKDQG VLGH RI ı$Œ￿ DOZD\V H[FHHGV WKDW RI ı$Ø￿æ DQG KHQFH WKH WZR FRQVWUDLQWV FDQQRW
LQWHUVHFW DW D ZDJH OHYHO OHVV WKDQ b
’ı$ ￿ıQb￿￿c ￿
c bQ’ ￿
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￿
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Q ￿ ’￿￿ +HQFH WKH WZR FRQVWUDLQWV FDQQRW KDYH D VWULFW LQWHUVHFWLRQ DW D






7KH %RXQG RQ )LUP 6L]H *LYHQ D 0L[HG 6WUDWHJ\ (TXLOLEULXP
&RQVLGHU D FRQWUDFW FRQVLVWHQW ZLWK D PL[HG VWUDWHJ\ HTXLOLEULXP LQ ZKLFK HDFK RI Q PDQ￿
DJHUV ZRUNV ZLWK SUREDELOLW\ }￿ )RU HDFK PDQDJHU WR EH MXVW LQGLoHUHQW EHWZHHQ ZRUNLQJ DQG
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Ł   Q’ª ı%º￿
5XOLQJ RXW SULQFLSDO PRUDO KD]DUG JLYHQ DQ HTXLOLEULXP LQ SXUH VWUDWHJLHV UHDOO\ UHTXLUHV
RQO\ WKDW LQHTXDOLW\ ıŒ￿ EH VDWLVpHG￿ 5XOLQJ RXW SULQFLSDO PRUDO KD]DUG JLYHQ DQ HTXLOLEULXP
LQ PL[HG VWUDWHJLHV UHTXLUHV D VWURQJHU UHVWULFWLRQ WKDW WKH SULQFLSDO￿V SD\Ro EH HYHU\ZKHUH QRQ￿
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7RJHWKHU WKH LQHTXDOLWLHV ı%º￿ DQG ı%Ø￿ LPSO\ WKDW UXOLQJ RXW SULQFLSDO PRUDO KD]DUG LQ D PL[HG





7KXV FKRRVLQJ D FRQWUDFW FRQVLVWHQW ZLWK D PL[HG VWUDWHJ\ HTXLOLEULXP GRHV QRW DOORZ WKH SULQFLSDO
WR KLUH D ODUJH QXPEHU RI PDQDJHUV￿
Œ￿5HIHUHQFHV
%HUOHæ $GROI $￿æ -U￿ DQG *DUGLQHU &￿ 0HDQVæ ￿￿Œºæ 7KH 0RGHUQ &RUSRUDWLRQ DQG 3ULYDWH 3URSHUW\
ı0DFPLOODQæ 1HZ <RUNæ 1<￿￿
*DOHæ ’RXJODV DQG 0DUWLQ +HOOZLJæ ￿￿￿Łæ ,QFHQWLYH￿FRPSDWLEOH GHEW FRQWUDFWVª 7KH RQH￿SHULRG
SUREOHPæ 5HYLHZ RI (FRQRPLF 6WXGLHV Łºæ ￿Ø￿^￿￿Œ￿
*RUWRQæ *DU\ DQG %UXFH ’￿ *UXQG\æ ￿￿￿￿æ ([HFXWLYH FRPSHQVDWLRQ DQG WKH RSWLPDOLW\ RI PDQDJH￿
ULDO HQWUHQFKPHQWæ 7KH :KDUWRQ 6FKRROæ :RUNLQJ 3DSHU￿
*URVVPDQæ 6DQIRUGæ -￿ DQG 2OLYHU ’￿ +DUWæ ￿￿￿￿æ 7KH FRVWV DQG EHQHpWV RI RZQHUVKLSª $ WKHRU\ RI
YHUWLFDO DQG ODWHUDO LQWHJUDWLRQæ -RXUQDO RI 3ROLWLFDO (FRQRP\ ￿Øæ ￿￿￿^￿￿￿￿
+DJHUW\æ .DWKOHHQæ 5RQL 2IHU DQG ’DQ 6LHJHOæ ￿￿￿Œæ 0DQJHULDO FRPSHQVDWLRQ DQG LQFHQWLYHV WR
HQJDJH LQ IDUVLJKWHG EHKDYLRUæ 1RUWKZHVWHUQ 8QLYHUVLW\æ :RUNLQJ 3DSHU￿
+LUVKOHLIHUæ ’DYLG DQG <RRQ 6XKæ ￿￿￿ºæ 5LVNæ PDQDJHULDO HoRUWæ DQG SURMHFW FKRLFHæ -RXUQDO RI
)LQDQFLDO ,QWHUPHGLDWLRQ ºæ Œ￿￿^ŒØŁ￿
+HUPDOLQæ %HQMDPLQ (￿æ ￿￿￿￿æ 2UJDQL]DWLRQDO p[HG FRVWV DQG RUJDQL]DWLRQDO VWUXFWXUHæ 8￿&￿ %HUNH￿
OH\æ :RUNLQJ 3DSHU￿
+ROPVWURPæ %HQJWæ ￿￿￿ºæ 0RUDO KD]DUG LQ WHDPVæ 7KH %HOO -RXUQDO RI (FRQRPLFV ￿Œæ ŒºØ^ŒØ￿￿
+ROPVWURPæ %HQJW DQG -HDQ 7LUROHæ ￿￿￿￿æ 7KH WKHRU\ RI WKH pUPæ LQª 5LFKDUG 6FKPDODQVHH DQG
5REHUW ’￿ :LOOLJæ HGV￿æ +DQGERRN RI ,QGXVWULDO 2UJDQL]DWLRQ 9ROXPH ￿ ı1RUWK￿+ROODQGæ 1HZ
<RUNæ 1<￿￿
,QQHVæ 5REHUW ’￿æ ￿￿￿￿æ /LPLWHG OLDELOLW\ DQG LQFHQWLYH FRQWUDFWLQJ ZLWK H[￿DQWH DFWLRQ FKRLFHVæ
-RXUQDO RI (FRQRPLF 7KHRU\ Łºæ ØŁ^￿￿￿
-DFNVRQæ 0DWWKHZ DQG (GZDUG /D]HDUæ ￿￿￿￿æ 6WRFNæ RSWLRQVæ DQG GHIHUUHG FRPSHQVDWLRQæ 5HVHDUFK
LQ /DERU (FRQRPLFV ￿ºæ Ø￿^￿º￿
.LPæ 6RQ .Xæ ￿￿￿￿æ /LPLWHG OLDELOLW\ DQG ERQXV FRQWUDFWVæ -RXUQDO RI (FRQRPLFV ￿ 0DQDJHPHQW
6WUDWHJ\ ￿æ ￿￿￿^￿￿Œ￿
.ROHæ 6WDF\æ ￿￿￿￿æ 7KH FRPSOH[LW\ RI FRPSHQVDWLRQ FRQWUDFWVæ -RXUQDO RI )LQDQFLDO (FRQRPLFV ØŒæ
￿￿^￿￿Ø￿
Œº.UHSVæ ’DYLVæ ￿￿￿￿æ &RUSRUDWH FXOWXUH DQG HFRQRPLF WKHRU\æ LQª -DPHV (￿ $OW DQG .HQQHWK $￿ 6KHS￿
VOHæ HGV￿æ 3HUVSHFWLYHV RQ 3RVLWLYH 3ROLWLFDO (FRQRP\ ı&DPEULGJH 8QLYHUVLW\ 3UHVVæ &DPEULGJHæ
0$￿￿
/DPEHUWæ 5LFKDUG $￿æ ￿￿￿￿æ ([HFXWLYH HoRUW DQG VHOHFWLRQ RI ULVN\ SURMHFWVæ 5DQG -RXUQDO RI
(FRQRPLFV ￿￿æ ￿￿^￿￿￿
/HJURVæ 3DWULFN DQG 6WHYHQ $￿ 0DWWKHZVæ ￿￿￿Œæ (rFLHQW DQG QHDUO\￿HrFLHQW SDUWQHUVKLSVæ 5HYLHZ
RI (FRQRPLF 6WXGLHV ￿￿æ Ł￿￿^￿￿￿￿
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VORSH   ’ c
)LJXUH Ł’￿ *UHDWHU WKDQ /HDVW￿&RVW &RQWUDFW￿
8QLTXH (TXLOLEULXP￿ ,PSOHPHQWV Q
e SURMHFWV￿
0DQDJHUV KDYH /LPLWHG /LDELOLW\￿
)LJXUH Ł￿ &RQWUDFWXDO 3D\Ro )XQFWLRQV DQG WKHLU $VVRFLDWHG 3URSHUWLHV￿ 7KH PD[LPXP SRVVLEOH
QXPEHU RI PDQDJHUV WKDW FDQ EH PRWLYDWHG WR ZRUN JLYHQ D 1DVK HTXLOLEULXP LQ ZKLFK HDFK PDQDJHU FRQMHFWXUHV
WKDW DOO RWKHU PDQDJHUV ZLOO ZRUN LV Qe ı)LJXUHV Ł$æ Ł% DQG Ł’￿￿ 7KH PD[LPXP QXPEHU RI PDQDJHUV WKDW FDQ
EH KLUHG DW OHDVW￿FRVW ZLWKRXW YLRODWLQJ OLPLWHG OLDELOLW\ VXFK WKDW WKH HTXLOLEULXP LV XQLTXH DQG DOO PDQDJHUV
ZRUN LV ı5￿’￿ ’ ı)LJXUH Ł&￿￿ 7KH YDULRXV FRQWUDFWXDO SD\RoV GHSLFW VHWWLQJV ZLWK XQLTXH HTXLOLEULXP LQ
ZKLFK DOO PDQDJHUV ZRUN ı)LJXUHV Ł$æ Ł& DQG Ł’￿￿ D VHWWLQJ ZLWK PXOWLSOH HTXLOLEULD ı)LJXUH Ł%￿￿ VHWWLQJV
ZLWK OLPLWHG OLDELOLW\ ı)LJXUHV Ł%æ Ł& DQG Ł’￿￿ DQG D VHWWLQJ ZKLFK YLRODWHV OLPLWHG OLDELOLW\ ı)LJXUH Ł$￿￿
Œ￿